J 



Europalsch sPat ntamt 
© European Patent Off Ic 

Office europSen des brevets 



iiiiiiiiiiiin 

© Publication number: 0 406 161 B1 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 22.02.95 © Int. CI. 6 : C08F* 299/02, C08F 283/06, 

~ G02G 7/04, //(C08F283/06, 

© Application number: 90810428.4 214:00) 

@ Date of filing: 12.06.90 



© Fluorine and/or silicone containing poly(alkylene-oxide)-block copolymers and contact lenses 
thereof. 



© 


Priority: 20.06.89 US 368755 


© Proprietor: CIBA-GEIGY AG 




28.02.90 US 486493 


Klybeckstrasse 141 






CH-4002 Basel (CH) 


© 


Date of publication of application: 


© Inventor: Mueller, Karl F. 




02.01.91 Bulletin 91/01 






119 West 77th Street 


© 


Publication of the grant of the patent: 


New York, 




22.02.95 Bulletin 95/08 


New York 10024 (US) 






inventor: Plankl, Walter L. 


© 


Designated Contracting States: 


26-47th Loretta Street 




AT BE CH DE DK ES FR GB GR IT LI LU NL SE 


Yorktown Heights, 






New York 10598 (US) 


© 


References cited: 






EP A- 0 277 771 






US-A- 4 528 301 





0Q 
5 
CO 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
® may giv notice to the Europ an Patent Office of opposition to the Europ an pat nt granted. Notice of opposition 
Ql shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
W has been paid (Art. 99(1) European pat nt conv ntion). 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.3) 



EP 0 406 161 B1 



Description 

Two classes of contact lenses can be distinguished by the way they are fitted to the eye. In hard lenses 
the fit is flatter than the cornea itself and the lens rocks back and forth with each eye lid blink, pumping tear 

5 fluid and thereby oxygen, as well as cell debris under and from under the lens. Hard lenses are preferred 
whenever excellent visual acuity is desired and difficult vision corrections are required, for instance in the 
case of astigmatism. They are however less comfortable for the wearer than are soft lenses, the second 
class of contact lenses. Soft contact lenses derive their name from their low modulus and draping quality, 
which allows them to smoothly cover the cornea surface. They are fitted to match the cornea asrclosely as 

/o possible and they are not much disturbed by the eyelid. Because of their tight adherence to the cornea, 
they have to possess sufficient oxygen permeability to keep the cornea well supplied with oxygen. 

In the most common soft lens material - ~ 40% water containing poly-(2-hydroxyethyl methacrylate) or 
poly-HEMA - water provides for sufficient oxygen flux to allow poly-HEMA lenses to be worn on a dally 
basis. The oxygen permeability O2.DK of a poly-HEMA hydrogel with ~ 40% water is 6.5 barrers, and for 

75 hydrogels with higher water content, for example poly-(N-vinylpyrrolidone) or polyvinyl alcohol) 
copolymers it Is - 12.5 at 50% water, 15.5 at 60% water and 25 at 70% water. Such higher water-content 
hydrogels allow therefore the manufacture of soft contact lenses for extended wear, up to several months, 
subject only to periodic cleaning. Unfortunately, high water content hydrogels are also very fragile, 
especially if they are cut very thin, as they often are in order to increase oxygen flux. 

20 Another class of soft contact lens materials are polysiloxane rubbers (PDMSi), which can have O2.DK 
values up to 500 barrers. Several polysiloxane based soft contact lens materials have been described, 
among them: conventional PDMSi rubbers produced by a hydrosilation cure; PDMSi-polyurethanes and 
PDMSi-polyacrylate block copolymers. All these materials suffer from an inherent lack of wettability and 
therefore require some kind of surface treatment to achieve the wettability required for comfortable and safe 

25 in-eye wear. 

For non-hydrogel, water free contact lens compositions, siloxane units containing polymers have been 
used both, for soft contact lenses and hard contact lenses with enhanced oxygen permeability; fluorinated 
groups, which are another group of oxygenflux enhancing moieties, have only been used in hard contact 
lens materials although they would be preferable to siloxane groups in non-hydrogel soft lenses as well 
30 because of their low lipophilicity and low protein adsorption tendencies. 

In hydrogel soft contact lens materials on the other hand, siloxane as well as fluorine has been used to 
enhance the oxygen permeability and many such silicone or fluorine containing hydrogels have been 
described in the literature for use as contact lens materials. Such silicone and/or fluorine containing 
hydrogels can possess oxygen permeabilities 3-8 times that of Si- or F-free hydrogels and at the same time 
35 retain some of the good wettability of hydrogels. 

Polysiloxane hydrogels which are water swollen copolymers of 2-hydroxyethyl methacrylate or N-vinyl- 
pyrrolidone (NVP) with di- or tri-methacrylate functional poly-(dimethylsiloxane) have been described in U.S. 
Patent No. 4,136,250 for use as a drug delivery matrix, but also for contact lenses. Copolymers of tri-siloxy- 
hydroxy alkyl methacrylate with HEMA and/or NVP are described in U.S. Patent Nos. 4,139,692 and 
40 4,139,513, and copolymers of Ci-C*-dialkylacrylamides with oligosiloxanyl-silylalkylmethacrylates are de- 
scribed in U.S. Patent Nos. 4,182,822 and 4,343,927, also for use as oxygen permeable hydrogel contact 
lenses. U.S. Patent No. 4,711,943 describes essentially similar Si-containing acrylic hydrogels. 

Fluorinated hydrogels for use as soft contact lens materials are also known: 

U.S. Patent Nos. 4,433,111 and 4,493,910 describe hydrogels and contact lenses obtained by 
45 copolymerization of 20-40 mol % substituted or unsubstituted acrylamide or methacrylamide; 25-55 mol % 
N-vinylpyrrolidone (NVP); 5-20% mol % hydroxyalkyl(meth)-acrylate; 1-10 mol % (meth)-acrylic acid, and 1- 
9 mol % of a perfluoroalkylalkylene(meth)-acrylate; the perfluoroalkyl groups act to to reduce protein 
deposition. 

U.S. Patent No. 4,640,965 describes hydrogels and contact lenses obtained by copolymerisation of 
50 hydroxyfluoralkylstyrene (5-60%. by weight), with hydroxyalkyl (meth)-acrylates or N-vinylpyrrolidone (40- 
95%, by weight); the hydroxy groups are necessary to attain the required compatibility. 

U.S. Patent No. 4,638,040 describes the synthesis of 1,3-bis(trifluoroacetoxy)propyl-2-m thacrylat 
polymers and their use as hydrogel-contact lens materials or as ocular implants after hydrolysis. 

U.S. Patent No. 4,650,843 describes hydrogel contact lens mat rials consisting ss ntially of 
55 copolymers of 50-95% (by weight) of 2-hydroxyethyl-methacrylate and 5-35% (by weight) of fluorinated 
methacrylates with up to 5 F-atoms. 

Copolymers of N,N-dimethylacrylamid (DMA) with perfluoroalkylacrylates or methacrylates are de- 
scribed in European pat nt application 351 364 for use as oxygen permeabl hydrogel contact lenses. 



2 



EP 0 406 161 B1 



In all th cited prior-art is the hydrophilic component bas d of water-solubl vinyl monomers, lik 
HEMA, NVP or DMA, which are copolymerized with silicone and/or fluorine containing monomers or 
prepolymers. Although a great variety of Si or F containing hydrogels can be prepared with thes 
hydrophilic monomers, they all possess as hydrophilic component a carbon-carbon backbone polymer; for 
5 the specific requirements of long-term in-eye use, contact lenses with poly-(ethylene oxide) (PEO) as 
hydrophilic component would be preferable since PEO is considered to have better biocompatibility and 
less lipid and protein adsorption problems. Less protein adsorption generally means less discoloration, 
V better wettability and comfort, and generally a longer usejife for a contact lens. 

Poly-(ethylene oxide) as part of a silicone containing hydrogel is included also in U.S. Patent No. 
to 4,136,250, in form of dimethacrylate-(PEO)-(PDMSi)-(PEQ) block copolymers, copolymerized with HEMA or 
NVP; the amount of PEO incorporated into the polymer is limited due to the presence of the other 
comonomers. Similar poly-(propylene oxide)-PDMSi block copolymers are disclosed in U.S. Patent No. 
4,740,533 although this patent is directed toward essentially water free polymers for contact lenses. 

Poly-(ethylene oxide) as part of fluorine containing hydrophilic polymers are also described: U.S. Patent 
76 No. 3,728,151 describes PEO block copolymer with perfluoroalkyl (- R f ) acrylates and -methacrylates, 
obtained by chain transfer polymerization with PEO-dithiols; by virtue of their synthesis method these 
polymers are linear, non-crosslinked, low molecular weight polymers of the A-B-A block type; their use is in 
textile finishing, where they import anti-soiling and soil-releasing, self-washing properties. 

U.S. Patent No. 4,046,944 describes block copolyurethane-ureas prepared from PEO-diols and PEO- 
20 diamines, bis-perfluoroaikyl substituted butane diols and diisocyanates, also for use in textile finishing as 
soil-release agents. This polymer too is not crosslinked and therefore not a hydrogel, and of limited 
molecular weight. 

EP-A-277,771 discloses contact lenses comprising a copolymer of an organosilicone monomer, a 
fluoroalkyl ester monomer and a hydrophilic monomer, improved by further addition of a linear polysiloxane 

25 oligomeric cross-linking agent with or without neopentylglycol dimethacrylate. Polyethers having terminal 
vinyl groups are not disclosed. 

US-A-4,528,301 discloses a contact lens material which is the copolymerization product of a reaction 
mixture comprising (1) styrene or a ring substituted styrene, (2) a vinyl alcohol ester such as vinyl acetate, 
(3) a polyethylene glycol ester such as pentaethyleneglycol monomethacrylate, (4) a substituted polysilox- 

30 ane such as dimethyl polysiloxane or a substituted silane, and, optionally, (5) a cross-linking agent such as 
divinyl benzene. The polyethylene glycol ester is restricted to monoesters such that polyethers having at 
least two terminal vinyl groups are not contemplated. 

No PEO and F-containing hydrogels are described in the prior art for use in biomaterials and contact 
lenses. This is probably due to the difficulty in making clear compositions of high molecular weight; since 

35 the PEO-hydrophile is a pre-polymeric unit of at least 1,000 MW, the F-containing part of the polymer has 
to be present in a polymeric form as well; block-copolymers of this type are clear only if the blocks are 
sufficiently short and association between blocks are in size smaller than the wavelenght of light. PEO and 
F-blocks are especially difficult to combine into a clear copolymer because of the inherent incompatibility of 
their prepolymeric and monomeric precursors and their very different refraction indices. 

40 It has now unexpectedly been discovered that crosslinked, clear, wettable and highly oxygen permeable 
poly (ethylene oxide) and fluorine or silicone containing polymers can be prepared, if a^-divinyl func- 
tionalized PEO-prepotymers are copolymerized with perfluoralkylacrylates or methacrylates and/or 
oligosiloxy-silylalkyl acrylates or methacrylates, optionally in the presence either of a third comonomer or a 
non-reactive solvent or solvent mixture, capable of dissolving all monomeric components. 

45 After synthesis, the polymers can be transformed by equilibration in water into flexible, clear, wettable 
and oxygen permeable hydrogels, which are useful in biomedical application, as oxygen permeable films 
and coatings and especially as deposit resistant, highly oxygen permeable contact lenses. 

It has further been discovered, that clear block-copolymers with analogous structures can also be made 
with poly-propylene oxide and poly-tetramethylene oxide as polyether blocks. These block copolymers are 

so strong, flexible, Cfe-permeable and, despite a low (< 5%) water content, highly wettable and are therefore 
useful in many of the abovementioned applications. 

The instant invention pertains to copolymers which are oxygen permeable, fl xible, wettable, biocom- 
patible and suitabl for us in ophthalmic devices, such as contact I ns s, which copolym rs compris the 
polymerization product of 

55 (A) 10 to 80% by weight of a vinyl-telechelic polyether, or a mixtur thereof, 
(B) 90 to 20% by weight of 

(B-1) a fluorinated, ethylenically unsaturated monomer, or 
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(B-2) a silicon -containing thylenically unsaturated monomer, or a mixture of monom r (B-1) and 
monomer (B-2) t and 

(C) 0 to 60% by weight of an ethylenically unsaturated monomer or mixture of monomers other than 
monomer (B-1) or monomer (B-2). 

Another object of the invention are those copolymers which comprise 20 to 80% by weight of (A) and 
80 to 20% by weight of (B) and are otherwise as defined in the preceding paragraph. 

Copolymers which are valuable subembodiments of the invention are disclosed in claims 2 to 41. 
The vinyl-telechelrc polyether (A) preferably has the formula: 



Vi(Q)/ --(NR 2 ) a -0-(PE)-0-(R 2 N) a -Y 



H H 
I I 

k-(NR 2 ) a -0-(PE)-a(R 2 N) a -Q-V 



(A) 



Jm 



wherein PE has a number average molecular weight (MW) of about 500 to about 10000 and preferably has 
the formula: 



20 



(CH 2 ) n CH-0 



J k 



^CH 2 ) n CH-0 



-(CHj^CH-O 



R'l Jp 



-(CH 2 )„CH- 



(PE) 



25 wherein n is 1 to 3, 

k, d and p are integers from 0 to 300, and the sum of k +d + p is 7 to 300, 

Ri , Ri * and Ri " are independently of each other hydrogen or methyl, with the proviso that if n is 3, Ri , Ri ' 
and Ri " are hydrogen, thus describing the backbones of poly(ethylene oxide), poly-(propy!ene oxide) and 
poly-(butylene oxide), but also block-copolymers of the aforementioned alkylene oxides, 
30 a is zero or 1 , 

m is an integer from zero to 2, 
I is zero or 1, 

R2 is linear or branched alkylene with 2 to 4 carbon atoms; 
Yis 



35 



40 



? V 

-CN-R3-NC- or-C- : 

& 3 II II 
O O 



45 



50 



wherein R3 is a divalent aliphatic group with 2 to 14 carbon atoms, a divalent 5- or 6-membered 
cycloaliphatic group with 5 to 15 C-atoms, or an arylene group with 6 to 14 C-atoms, with the proviso, that if 
Yis 



a is 1; 

Q is sel cted from (shown as attach d to V): 



55 
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Q t V= -C-V 
II 

O 

i? ? 

Q2V= -CN-R 3 -NC-X-R4X r (C) b -V 
H H O 



fo HO 

I II 
Q 3 V = : CN-R 5 OC-Vand 

O 

Q^-CN-R^V 
O 

20 wherein R4 is alkylene of 2 to 4 carbon atoms, 
Rs is alkylene of 2 to 10 carbon atoms, 

Rs is arylene or alkyl-substituted arylene of 6 to 20 carbon atoms. 

X is -O- or -NR 7 -, wherein R7 is alkyl of 1 to 5 carbon atoms, 

XI is -0-,-NH- or -NR7-, 
25 b is zero or 1 , 

Vis 

-(CH 2 ) C -C=CH 

c is zero or 1 , 

V1 has same meaning as V, or is H or R 9f when I is zero, 
35 Rs is H or -COOH, with the proviso that, if Rs is -COOH, R1 is H, c is zero, and Q is Q1 ; 
Ra is alkyl of 1 to 18 carbon atoms; 
with the further proviso that when Q is Q2, a is zero; 
when Q is Cb, Qa or CU. Rs is H; 
when c is 1, b is zero, Q is Q2 and Ri and Rs are H; and 
40 when V1 is R 9f m is zero. 

The foregoing description for (A) thus includes poly (alkylene oxide) diols and a,«-diaminoalkyl poly- 
(alkylene oxides) (a = 1), of about 500 to about 10000 molecular weight, optionally chain-extended with 
diisocyanates (m > 0) and endcapped either directly with vinyl unsaturated isocyanates, preferably 2- 
isocyanatoethyl methacrylate (lEM) or m-isopropenyl-or,a-dimethylbenzyl isocyanate (TMI) (Q = Qa and 
45 Q4); included are also the same poly-(alkylene oxides) capped with diisocyanates, followed by reaction with 
amino- or hydroxy- aJkyi acrylates, -methacrylates, -acrylamides or -methacrylamides, hydroxyalkyl vinyl 
ether or allyl alcohol (Q = Q2); 
as well as direct ester or amides (Q = Q1). 

If less than equivalent molar amounts of capping reactants are used, some of the vinyltelechelic 
50 macromers are terminated by vinyl groups only on one end (V1 = H or R9). 

Thus, the vinyl unsaturated groups are bonded to the poly-(alkyleneoxide) chain ends, either directly by 
st r or amid linkag s (Q = Q1 ); by two urethan or urea linkages and one est r or amid linkage (Q = 
Q2), or by on urethan or urea and one ester linkag (Q = Cb), or by a urea linkage alone (Q = Q4). 
Preferr d ar poly-(alkylen oxide) vinyl unsaturated pr polymers of structures (A) where Q is of 
55 structure Cb, Qa or CU; most preferred ar prepolymers (A) wher PE is poly-(ethylene oxid ), poly- 
propylene oxide) or poly-(ethy!ene oxide-co-propylene oxide), and Q is of structures Qa or CU and a is 1. 

Preferr d vinyl unsaturated groups V ar segm nts of acrylic, methacrylic and styrenic groups, with 
methacrylic and styrenic groups being most pr ferr d. 
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Pref rr d groups Ra ar the diradical residu s of divalent aliphatic diisocyanates with 6-12 carbon 
atoms, of divalent cycloaliphatic diisocyanat s with 6-15 carbon atoms and of divalent aromatic 
diisocyanates with 6 to 10 carbon atoms. 

Most preferred are the diradical residues of isophorone diisocyanate and of 2,4,4(2,2,4)-trimethylhex- 
ane-1 ,6-diisocyanate. 

Preferred groups Rs are ethylene, propylene and butylene, with ethylene being most preferred. 

Preferred groups Re are phenylene and alpha, alpha-dimethyibenzylene with alpha, alpha-dimethylben- 
zylene:being most preferred. 

Useful polyethers PE include: poly-(ethylene oxide) (PEO) diols of 500-10000 MW; poly-(propylene 
oxide) {PPO) diols of 500-10000 MW; a poly-(ethylene oxide -co-propylene oxide) diol of random or block 
copolymer structure in ratios of PEO:PPO from 1:30 to 30:1 and with 500-10000 MW; poly-(tetra-methylene 
oxide) (PTMO) diols with 500-10000 MW. 

It Is within the scope of the present invention to use not only the di-functional polyethers of structure 
(A), but also a great variety of tri- or tetrafunctional poly-ether aikanols, as they can be easily prepared by 
alkoxylation of triols, amines or diamines; tetra-(po!yaikylene oxide)-alkanols are for instance known under 
the tradename TETRONIC (BASF) and are alkylene oxide adducts to ethylene diamine. Also useful are 
products known as ETHOMEEN (AKZO Chemie) surfactants, which are ethylene oxide adducts to C1-C18 
alkyl amines. By amination the corresponding tri- or tetra-amines can be prepared, for example, the 
ami nation products of propylene oxide adducts to glycerol or trimethylol-propane are available as JEF- 
FAMINE-T from Texaco Chem. Corp. and are also useful in the context of this invention. 

Also useful in the context of this invention are fluorinated polyethers of MW 600-5000, for example: 

HO-CH 2 CF 2 0(C2 F, 0)x(CF20) y CF2 CH 2 -OH 
wherein 

x and y are independently of each other integers from 6 to 50, as for instance described in U.S. Patent No. 
4,440,918. 

Preferred are a,<d-di-(aminopropyl) PEO of 1000-8000 MW; and a,« -di-(aminopropyl) PPO of 1000-8000 
MW and a,w-di-(aminopropyl)poly-(ethylene oxide-co-propylene oxide) of 1000 to 10000 MW. Most pre- 
ferred are a,«-di-(aminopropyl)-PEO and a,*>-di-(aminopropyl)-PPO or a,«-di-(aminopropyl) (ethylene-co- 
propylene oxide) of 1000-8000 MW, where the aminopropyl group -R2-NH2 is of structure: 

-CH r CH-NH 2 
CH 3 

These amino terminated poly(alkylene oxides) are prepared, for example by amination of the corresponding 
diols and are commercially available under the tradename JEFFAMINE from Texaco Chem. Corp. 

Diisocyanates of structure R3-(NCO)2 useful to form the prepolymer intermediate before capping with a 
reactive vinyl monomer, are aliphatic, cycloaliphatic or aromatic diisocyanates or mixtures thereof selected 
from the group consisting of ethylene diisocyanate, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanatopropane, 1 ,6- 
diisocyanatohexane, 1 ,2-diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 1 ,4-diisocyanatobenzene, 
bis(4-isocyanatocyclohexyl)methane, bis (4-isocyanatocyclohexenyl)methane, bis(4-isocyanatophenyl)-meth- 
ane, 2,6- and 2,4-toluene diisocyanate; S.S'-dichloro^'-diisocyanatobiphenyl; 1 ,5-diisocyanatonaphthalene. 
hydrogenated toluene diisocyanate; 1-isocyanatomethyl-5-isocyanato- 1,3, 3-trimethylcyclohexane 
( = isophorone diisocyanate); 2,2,4-(2,4,4)-trimethylhexane-1 ,6-diisocyanate, 2,2'-diisocyanatodiethyl 
fumarate; 1,5-diisocyanatol-carboxypentane; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- and 2,3-diisocyanato-naph- 
thalene; 2,4- and 2,7-diisocyanato-1-methylnaphthalene; 4,4 , -diisocyanatobiphenyl; 4,4 , -diisocyanato3,3 , - 
diisocyanato-6(7)-methylnaphthalene;4,4 , -diisocyanato-2,2 , -dimethyl biphenyl; bis-(4-isocyanatophenyl) 
ethane; and bis(4-isocyanatophenyl) ether. 

The pr f rred diisocyanat s ar isophorone diisocyanate, 2,2,4-(2 f 4,4)-trimethylhexane-1 ,6-diisocyanat 
and 2,4- and 2,6-toluen diisocyanate. 

Unsaturated, polym rizabl vinyl compounds of structur V-(CO) b -Xi R*XH useful t r act with the NCO- 
capped poly-(alkylene oxides) contain hydroxy or amino groups and are selected from the groups 
consisting of acrylic, methacrylic, acrylamido, methacrylamido, vinyl ether, styrene, allyl, maleate, fumarate 
and itaconat moieti s. Typical xamples include: 2-hydroxyethyl acrylat and methacrylate, 2- and 3- 
hydroxypropyl acrylat and methacrylat ; 4-hydroxybutyl acrylate and methacrylate; glyc rol 
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dim thacrylate; hydroxy thyl maleate and fumarate; 2-hydroxyethyl- and 4-hydroxy-butyl vinyl ether; N-tert- 
butyl-aminoethyl methacrylat , N-(3-hydroxypropyl)-methacrylamide; vinyl-benzyl alcohol; allyl alcohol. 

Preferred active hydrogen containing vinyl compounds are 2-hydroxyethyl acrylate and methacrylate 
and N-tert.-butyl-aminoethyl methacrylate. 
5 Vinyl unsaturated isocyanates of structure V-COORsNCO or V-FU-NCO useful to make the vinyl- 
telechelic poly-(alkylene oxides) in one step include 2-isocyanatoethyl methacrylate, 2-isocyanatoethyl 
acrylate, 3-isocyanatopropyl methacrylate. 1-methyl-2-isocyanatoethyl methacrylate, and 1,1-dimethyl-2- 
isocyanatoethyl acrylate. V 

Such compounds and their preparation are disclosed, for example, in U.S. Patent No. 2,718,516 and 
10 British Patent No. 1 ,252,099. 

Other useful isocyanates include isocyanatoalkyl vinyl ethers, such as 2-isocyanatobutyl vinyl ether, and 
styrene isocyanate and m-isopropenyl-alpha, alpha- dimethylbenzyl isocyanate. Also useful are isocyanates 
obtained by the reaction of one mole of a hydroxy- or aminoalkyl acrylate or methacrylate with one mole of 
a diisocyanate of structure R 3 (NCO) 2 . Examples of useful such acrylates and methacrylates include 2- 
75 hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 3-hydroxypropyl methacrylate, or t-butylaminoethyl 
methacrylate; suitable diisocyanates include isophorone diisocyanate, (3,3,4)-trimethylhexane-1 ,6- 
diisocyanate, toluene diisocyanate, diphenylmethane-4,4'-diisocyanate and the like. 

Most preferred are 2-isocyanatoethyl methacrylate and m-isopropenyl-a,a-dimethylbenzyl isocyanate. 

Vinyl-telechelic polyethers with Q of structure Ch are made, for example, by esterification with acrylic 
20 acid, acroyl chloride, acrylic acid anhydride or the methacrylic analog, or by transesterification with methyl 
acrylate or methacrylate, or by reaction with maleic- or itaconic anhydride or fumaroyl chloride. 

The vinyl-telechelic poly-(alkylene oxides) can be used singly or in combination with each other. 

The fluorinated and/or silicone containing monomers (B) useful for making the novel polymers of this 
invention are acrylic or styrenic monomers. Fluorine-containing monomers (B-1) are vinyl monomers 
25 containing at least three fluorine atoms selected from the group consisting of hexafluoroisopropyl acrylate 
and methacrylate, perfluorocyclohexyl acrylate and methacrylate, pentafluorostyrene and the acrylate or 
methacrylate esters or amides of the formula 

30 CH 2 =C— COX(CH 2 ) r — W— R f (I) 

Ri 

35 wherein 

R f is -(CF 2 ) t CF 2 L or -(CF 2 CF 2 ) q OCF(CF 3 )2 
R1 is hydrogen or methyl, 

X is oxygen or -NR7- wherein R7 is an alky I group with 1-5 carbon atoms, 
r is an integer from 1-4, 
40 t is an integer from 0-14, 
q is an integer from 1-3; 

L is hydrogen or fluorine, with the proviso that, when t is 0, L is fluorine; and 

W is a direct bond or a divalent group of the structure -NR7-CO-; -NR7S0 2 -(CH 2 ) f -;-NR 7 S0 2 -; -S-(CH 2 ) r -; 

-NR 7 -(CH 2 ) r -NR7S0 2 -; or -NHCO-. 
45 Typical examples are 1,1,2,2-tetrahydroperfluorodecyl acrylate and methacrylate, 1,1,2,2-tetrahydroper- 

fluorooctyl acrylate and methacrylate and 1,1,2,2 tetrahydroperfluorooctyl methacrylamide or acrylamide. 
Other useful fluorinated monomers include hexafluoroisopropyl acrylate, hexafluoroisopropyl 

methacrylate, perfluorocyclohexyl methacrylate, and 2,3,4,5,6-pentafluoro-styrene; the acrylates and 

methacrylates of fluoroalkyl substituted amido-alcohols, such as of C 7 Fi5CON(C 2 H 5 )C 2 H*OH; of sul- 
50 fonamido-alcohols, such as of 

C 8 Fi7C 2 H4S0 2 N(CH3)-C4H 8 OH and C 8 Fi 7 S0 2 N(C 2 H 5 )C 2 H40H; of perfluoroether alcohols, such as of 

CaF^-OtCsFBOfcCFlCFaJ-C^OH or 

(CF 3 ) 2 CFO(CF 2 CF 2 ) 2 -CH 2 CH 2 OH; and th acrylates and m thacrylat s of fluorinated thioeth r alcohols of 
structure CF 3 (CF 2 ),CH 2 CH 2 SCH 2 CH 2 CH 2 OH; acrylates and m thacrylates of sulfonamido-amines, such as 
55 of 

R f S02N(CH 3 )CH 2 CH 2 N(CH 3 )(CH 2 )3NH 2 and R f CH 2 S0 2 NH(CH 2 ) 2 NH 2 ; of amidoamines, such as of 
R f CONH(CH 2 ) 2 NH2; as w II as the vinyl monomers obtain d by reaction of th se aforementioned fluorinated 
alcohols and amines with 2-isocyanatoethyl acrylate or methacrylat or m-isopropenyl-1 ,1 -dimethylbenzyl 
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isocyanat . 

Preferred are fluorinated monom rs in which X is oxygen, W is a dir ct bond, Ri is hydrogen, r is 2, t is 
6 to 10 and L is fluorine; or in which r is 1 or 2, t is 1-4 and L is fluorin , or in which Ri is methyl, r is 2, t is 
4 to 10 and L is fluorine. 

Preferred are hexafluoroisopropyl methacrylate, trifluoroethyl methacrylate, and 1,1,2,2-tetrahydroper- 
fiuorooctyl and 1,1,2,2-tetrahydroperfluorodecyl acrylate and methacrylate, with 1 ,1 ,2,2-tetrahydroper- 
fluorooctyl acrylate being most preferred. 

Silicone containing vinyl monomers (B-2) are pligosiloxanyl-silylalkyl acrylates and methacrylates 
containing from 2-10 Si-atoms. Typical representatives include: tris(trimethylsiloxy-silyl)propyl (meth)- 
acrylate, triphenyldimethyl-disiloxanylmethyl (meth)acrylate, pentamethyl-disiloxany I methyl acrylate, tert- 
butyl-tetramethyldisiloxanylethyl (meth)acrylate, methyl-di(trimethylsiloxy)silylpropyl-glyceryl (meth)acrylate; 
pentamethyldi-siloxanyl-methyl methacrylate; heptamethyl-cyclotetrasiloxy methyl methacrylate; hep- 
tamethyl-cyclotetrasiloxy-propyl methacrylate; (trimethylsilyl)-decamethyl-pentasiloxy-propyl methacrylate; 
undecamethyl pentasiloxypropyl methacrylate. Preferably the monomer is tris (trimethylsiloxy-silyl) propyl 
methacrylate. 

The (B-1) fluorine and/or (B-2) silicone containing monomer units as (B) can be present in the polymers 
of this invention in amounts of 20-90%, preferable 40-80%, most preferably 50-70% by weight. When 
mixtures of (B-1) and (B-2) are used, they are preferably in a weight ratio of 4:1 to 1:4. 

The monomers (C) which can be present in the polymers of this invention in amounts from 0-60% can 
be any copolymerizable vinyl monomer, like an ester or amide of acrylic or methacrylic acid with from 1-20 
carbon atoms in a linear or branched aliphatic, cycloaliphatic or aromatic group containing ester or amide 
group, and which may be interrupted by hetero atoms like sulfur or oxygen; analogous mono- or digesters of 
maleic and itaconic acid; alky I vinyl ethers with 1 to 10 carbon atoms in the alky I group, vinyl esters of Ci 
to C12- carboxylic acids; styrene and alkyl substituted styrene and a-methylstyrene; hydroxyalkyl acrylates, 
methacrylates, acrylamides and methacry lam ides; alkyl- and dialkyl-amino-alkyi methacrylates and 
methacrylamides; hydroxyalkyl vinyl ethers, hydroxyalkyl maleates and itaconates. 

These comonomers are preferably present in amounts of 5-60%, most preferably in amounts of 10-50% 
by weight. 

Representative examples include: methyl acrylate, ethyl acrylate, n- and isopropyl acrylate, cyclohexyl 
acrylate, trimethyl-cyclohexyl acrylate, phenyl acrylate, benzyl acrylate and all the corresponding 
methacrylates; furfuryl acrylate and methacrylate; methoxy-ethyh ethoxy-ethyl-, and ethoxy-ethoxy ethyl 
acrylate and methacrylate; 2-hydroxyethyl acrylate and methacrylate, 3-hydroxypropyl acrylate, 
methacrylate and methacry lam ide; glycidyl methacrylate; N.N-dimethylacrylamide; N-isopropyl- acrylamide; 
N-vinylacetamide; N-vinyl-pyrrolidone; dimethylami no-ethyl methacrylate and methacrylamide; acrylic and 
methacrylic acid, vinyl sulfonic acid, 4-styrene sulfonic acid and 2-methacrylamido-2-methyl-propane- 
sulfonic acid and their salts. 

Preferred are methoxy-ethyl acrylate and methoxy-ethyl methacrylate, ethoxy-ethyl acrylate and ethoxy- 
ethyl methacrylate; methyl methacrylate; methyl acrylate, 2-hydroxyethyl methacrylate; N-vinylpyrroIidone; 
N,N-dimethyl-acrylamide and styrene, and ethoxy-ethoxy-ethyl acrylate. 

The vinyl-telechelic poly-alkylene oxides (A) may be prepared, either, most easily, in one step by the 
reaction of (poly-alkylene oxide) diols or diamines with the halide, anhydride or lower alkyl ester of acrylic, 
methacrylic, maleic or itaconic acid, or an isocyanatoaJkyl acrylate or methacrylate or a styrene isocyanate, 
or alternatively, in two steps, by reaction with, first, an organic diisocyanate followed by, secondly, reaction 
with a hydroxy- or amino functional alkyl acrylate, alkyl methacrylate, alkyl maleate, alkyl itaconate, alkyl 
vinyl ether, allyl compound or styrene. Preferably, the vinyl-telechelic poly-(alkylene oxides) are synthesized 
by reaction of the poly-(alkylene oxide) diols or diamines with vinyl-unsaturated isocyanates. For urethane 
bond formation, catalysts are used in amounts from 0.01-0.5%. Typical catalysts include stannous octoate 
or dibutyltin dilaurate (DBTL), or tert.-amines like triethylamine. 

Copolymerization of the vinyl-telechelic poly-(alkylene oxides) (A) with comonomers (B) and (C) may be 
carried out by employing initiators which generate free-radicals on application of an activating energy as is 
conventionally used in the polymerization of ethylenically unsaturated monomers. Included among free- 
radical initiators are the conventional thermally activat d initiators such as organic peroxides and organic 
hydrop roxides. Repr sentative xamples of such initiators includ benzoyl peroxide, tertiary-butyl perben- 
zoate, diisopropyl peroxydicarbonate, cumene hydroperoxide, azobis(isobutyronitrile), and the like. Gen- 
erally, from about 0.01 to 5 perc nt by weight of thermal initiator is used. 

Preferably, UV-initiated polym rization is carried out, using photoinitiators. Such initiators are well 
known and hav be n described, for xampl , in polymerization art, .g., Chapter II of n Photochemistry h by 
Calvert and Pitts, John Wiley & Sons (1966). Th preferred initiators are photoinitiators which facilitat 
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polymerization when th composition is irradiat d. R presentativ exampl s of such initiators includ 
acyloin and derivativ s thereof, such as benzoin, b nzoin methyl ether, benzoin thyl eth r, b nzoin 
isopropyl th r, benzoin isobutyl th r and a-m thylbenzoin; diketones such as b nzil and diac tyl, etc.; 
ketones such as acetophenone, ar,a,a-tribromoacetophenone, a,a,-diethoxyacetophenone (DEAP), 2- 

5 hydroxy-2-methyl-1-phenyl-1 -propanone, o-nitro-a.a.a.-tribromoacetophenone, benzophenone and p,p'- 
tetramethyidiaminobenzophenone; a-acyloxime esters such as benzil-(0-ethoxycarbonyl)-a-monoxime; ke- 
tone/amine combinations such as benzophenone/N-methyldiethanolamine. benzophenone/tributylamine and 
benzophenone/Michler's ketone; and benzil ketals such as benzil dimethyl ketal, benzil diethyl ketal and 2.5- 
dichlorobenzi! dimethyl ketal. Normally, the photoinitiator is used in amounts ranging from about 0.01 to 5% 

10 by weight of the total oligomeric composition. 

Preferably, about 0.1 to 1.0% of photoinitiator is used in the polymerizable compositions. 
Polymerization may be carried out in bulk in a conventional manner or in the presence of a solvent. 
Especially in case of poly-(ethylene oxide) as (A) building block, cpsolvents are usually required to 
compatibilize components (A) and (B). The amount of solvent required depends on the nature and relative 

75 amounts of (A) and (B), but also on the choice of comonomer (C), which can act as a solvent for (A) and 
(B). Useful solvents to carry out the polymerization include ketones, like acetone, methyl ethyl ketone, 
methyl propyl ketone, methyl isobutyl ketone and cyclohexanone; alcohols like ethanol, isopropanol or 
ethyl-cellosolve; ethers like ethylene glycol or diethylene glycol dimethyl ether; esters like ethyl acetate or 
isopropyl acetate; dimethyl sulfoxide; N-methylpyrrolidone; N.N-dimethylformamide; N,N-dimethylacetamide 

20 and the like. 

The polymerization is carried out in molds, which can consist of plastics, glass or metal and can be any 
shape. For making films and sheets, the molds are preferably made of glass plates and lined with MYLAR 
or other polymer films and held together by clamps, using a spacer of desired thickness. Contact lenses are 
preferably prepared in U V-permeable plastic molds. 

25 After polymerization is complete, the polymer is removed from the mold and any solvent present is 
either removed by vacuum drying or extraction with water and with water-soluble solvents, or water-solvent 
mixtures. Useful solvents are acetone, ethanol, methanol, isopropanol and the like. Azeotropic distillation is 
also a useful procedure to remove certain solvents. After the solvent is removed the polymer is equilibrated 
in distilled water and its water content is determined gravimetrically. All subsequent measurements are 

30 carried out on the water-equilibrated polymers. 

In the following examples bending angle is determined on 2.5 x 0.5 inch 1 mm thick, cast sheets by 
determining the angle formed by a 2 inch overhang and the horizontal. Oxygen permeability is measured 
with a 02-Permeometer-Model 201-T (Createch), using buffered saline (pH = 7) as electrolyte and is 
expressed in units 

35 

O r DK (barren) = ™ 3 (STP)cm [ 10 10 at a given thickness and 
cm 2 • sec • cmHg temperature 

40 

Physical-mechanical measurements are carried out with an INSTRON testing apparatus, model 1123 on 0.6- 
1 mm thick sheets. 

Water content is expressed as: 

45 

weight of swollen polymer - weight of dry polymer 

% H 2 0= — — — : — — 1 LLJL x 100 

weight of swollen polymer 

50 

Examples 1-25 describe the synthesis of fluorin or silicon containing poly-( thylen oxid ) block 
copolymer hydrogels. 

Example 1 : Synthesis of Poly-(ethylene oxide)-ur than Dimethacrylat 
55 1 20 g (0.0358 m) Polyethylene oxide diol (PEO) of MW 3350 are filled into a 500 ml round bottom flask, 
equipped with a magnetic stirring bar, gas-inlet tub , thermometer and heating mantl . The PEO is heated 
to 80 • C and the molten resin is stirred for 2 hours at a vacuum of £ 0.05 - 1 mm Hg; the liquid is slowly 
cooled to 50 *C and the vacuum broken with dry air. 60 g Isopropyl acetat (IPAC) are added and a clear 
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solution is formed. 

11.18 g (0.072 m) 2-lsocyanatoethyl m thacrylat and 21.8 g isopropyl acetat are fill d into an addition 
funnel and ar slowly add d to th PEO solution. 50 g IPAC are used to rinse th funnel. Aft r addition is 
complete, 0.071 g dibutyl-tin dilaurate (DBTL) (0.15 mol %) are added and the mixture is stirred at 50 *C 

5 under dry air for three hours or until all NCO has been consumed as determined by IR-analysis. The 
product is allowed to cool down and crystallize and 60 g IPAC are added to form a slurry. The slurry is 
filtered and dried to a white powder, weighing 128.4 g (98% of theory). 

Example 2: Using the same procedure as described in example 1 ', a PEO-di(urethanemethacrylate) is 
prepared, using poly-(ethylene oxide)kliol of 1450 MW. 

io Example 3: Synthesis of Si-containing Poly-(ethylene oxide) Block Copolymers 

5 g of the PEO-dimethacrylate of example 1 are mixed with 5 g tris-(trimethylsiloxy)-silyl-propyl 
methacrylate (Si* MA), 4 g N-methylpyrrolidone (NMP), 6 g methyl ethyl ketone (MEK) and 0.4 % benzoin 
methyl ether (BME) as UV initiator. The solution is degassed by vacuum which then is broken with dry 
nitrogen and is filled into a 0.5 mm wide MYLAR lined glass mold held together by clamps, after which it is 

r5 finally polymerized by exposure to UV radiation from a SYLVANIA Black-Lite Blue lamp for 8 hours. 

The clear polymer sheet is removed from the mold and the solvent is exchanged with water first by 
immersion for 12 hours in distilled water, followed by one hour boiling and equilibration for 48 hours. 

A clear, flexible hydrogel is obtained which contains 54.4 % water, has a bending angle of 58* and an 
oxygen permeability DK of 52 barrers. 

20 Example 4: Synthesis of poly-ethylene oxide urea-dimethacrylate from a,«-di-(1-methyl-aminoethyl) 
poly-(ethylene oxide). 

57.68 g(0.020 m) of a a l «-di(1-methyl-aminoethyl) polyethylene oxide) of MW 2884 and 57.7 g of 
anhydrous methyl propyl ketone are charged into a 3-neck round bottomed flask which has been equipped 
with a stirrer, nitrogen inlet, condenser, thermometer and dropping funnel. The solution is stirred at room 

25 temperature under dry nitrogen. Then 6.20 g (0.04 mole) of 2-isocyanatoethyl methacrylate (MW 155) 
dissolved in 6.2 g of anhydrous methylpropyl ketone are added slowly from the dropping funnel. The mildly 
exothermic reaction is maintained at 35 • C and below by water bath cooling for 1 hour at which time an IR 
analysis shows the reaction to be complete. 

Example 5-13: Following the procedure of example 3, the PEO-urea dimethacrylate of example 4 is 

30 mixed with various fluorinated comonomers (F.-mon) and other comonomers, using methyl propyl ketone 
(MPK) as a solvent. 0.5% Benzoin methyl ether is added. The mixtures are degassed, filled into 1 mm thick 
molds and cured for 8 hours by UV. The polymer sheets are removed from the mold, extracted for 24 hours 
by swelling in ethanol, boiled for 1 hour in distilled water followed by equilibration in water. 

35 



40 



45 



50 



55 
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Composition and test r suits are shown in the following table. 
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55 Example 14: Using the procedure of xample 3, selected PEO-block copolymers are synth siz d in 1 
mm wide MYLAR lined molds and their physical-mechanical properties are measur d and report d in the 
following tabl . 
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Polymer of Ex. 


H 2 0% 


Tensile Str ngth Kg/cm 2 


Young's Modulus Kg/cm 2 


Elongation % 


3 


54.4 


6.3 


13.6 


106 


6 


49.3 


33.0 


93.4 


63 


11 


71 .0 


4.6 


25.0 


20 


12 


57.2 


25.1 


106.0 


29 


13 


59.7 


16.6 


69.4 


28 



Example 15: Trfe hydrolytic stability of PEO-block copolymers is evaluated by aging in pH 7.4 
phosphate-buffered saline solution at 80 °C for 132 hours arid measuring physical properties before and 
after aging. The results are shown in the Table. 





Polymer of Example 




H 2 0 % 


Tensile Strength 


Young's 


Elongation % 


Bending Angle • 


75 








kg/cm 2 


Modulus kg/cm 2 
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44 
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28 
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26 
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55 
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25 


50 



Example 16-25: Following the procedure of example 3, the PEO-urea dimethacrylate of example 4 is 
mixed with various fluorinated comonomers (F.-mon) and other comonomers, using methy-propyl ketone 
(MPK) as a solvent.. 0.5% Benzoin methyl ether is added. The mixtures are degassed, filled into 1 mm 
thick molds and cured for 8 hours by UV. The polymer sheets are removed from the mold, extracted for 24 
hours by swelling in ethanol, boiled for 1 hour in distilled water followed by equilibration in water. 
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Compositions and t st results are shown in the following table. 
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Exampl s 26-50 describe the synthesis of silicon 
block copolym rs. 



and/or fluorine containing poly-(propyl ne oxide) 
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Example 26: 41.98 g (0.020 m) a,<*-Bis-(aminopropyl)-poly(propylene oxide) of MW 2099 are charged 
into a 3-necked round bottomed flask, equipped with stirrer, nitrogen inlet, cond nser, thermom ter and 
dropping funnel. The liquid is stirred at room temperatur under dry nitrogen while 6.20 g (0.040 m 2- 
isocyanatoethyl methacrylate (IEM) are slowly added. The mildly exothermic reaction mixture is maintained 
5 at 35 • C by water bath cooling for one hour after which time IR analysis shows the reaction to be complete. 

Example 27: Following the procedure of example 26, a methacrylate terminated polypropylene oxide) 
prepolymer is prepared from a,<i)-bis-(1-methyl-amino ethyl)-poly(propylene oxide) of MW 4408. 

Example 28: The procedure of example 26 is repeated, but using m-isopropenyl-a,a-dimethylbenzyl 
isocyanate (TMI) as the vinyl-unsaturated isocyanate. 
w E xample 29: The procedure of example 27 is repeated, but using m-isopropenyl-a,a,-dimethylbenzyl 
isocyanate (TMI) as the vinyl-unsaturated isocyanate. 

Examples 30-32: Synthesis of chain extended, methacrylate-terminated poly- (propylene oxide). 

100.75 g (0.048 m) of a,*>-Di-(aminopropyl)-poly-(propylene oxide) of MW 2099 are charged into a 3- 
necked round bottomed flask which is equipped with a stirrer, nitrogen inlet, condenser, thermometer and 
75 dropping funnel. The liquid is stirred at room temperature under dry nitrogen. 1 .26 g (0.006 m) 2,2,4(2,4,4) 
Trimethylhexane- 1 ,6-diisocyanate (TMDI) are added and the reaction mixture is kept at 28 'C for 2 hours, i 
by which time all NCO-groups are reacted, as determined by IR-analysis, yielding a partially chain extended 
prepolymer containing PPO and TMDI in a mol ratio of 8:1. Then 13.03 g (0.084 m) of 2-isocyanatoethyl 
methacrylate (IEM) (MW 155) are added slowly from the dropping funnel. The mildly exothermic reaction is 
20 maintained at 35 • C and below by water bath cooling for 1 hour, at which time an IR analysis shows the 
reaction to be complete. 

By the same procedure, chain extended lEM-capped PPO-prepolymers are prepared, containing PPO 
and TMDI in mol ratios of 

Example 31: 5/1 (PPO/TMDI) 
25 Example 32: 4/1 (PPOn"MDI) 

Examples 33-40 : Following the procedure of example 3, the polypropylene oxide)-dimethacrylates of 
example 26-32 are mixed and reacted with fluorinated comonomers and other comonomers, in the presence 
of methyl-propyl ketone (MPK) as a solvent; 0.4% benzoin methyl ether (BME) and 8 hours UV-exposure 
are used for curing. After polymerization, the clear polymer sheets are removed, boiled in water for one 
30 hour to strip off unreacted monomer and solvent, and equilibrated in distilled water. 
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The polymer compositions thus prepared and their properties are shown in th table. 
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Exam pi 41-50: Following th procedure of xample 3, th poly(propylen oxide)-dimethacrylates of 
xamples 26, 27 and 28 ar mix d and r act d with fluorinated comonom rs and other comonom rs, but 
no solvent is us d. To th clear mixtur s are added 0.2% benzoin m thyl th r (BME), and 5 hour UV 
55 xposure is used for th polymerization step. After polymerization, th clear polymer sheets are remov d 
from the molds, immers d in boiling wat r for one hour and equilibrated in distill d water. 



15 



EP 0 406 161 B1 

The polymer compositions thus pr par d and their properties ar listed in the table. 
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55 Example 51: 99.0 g (0.050 m) Poly-(butylene oxide) diol of MW 1980 ar charg d into a 3-necked 
round bottom d flask, equipped with stirrer, nitrogen inlet tube, condenser thermomet r and dropping 
funnel. 0.03 g Dibutyltin dilaurate are added and the solution is stirred at room temperatur und r dry 
nitrogen whii 16.28 g (0.105 m) 2-isocyanato thyl methacrylate (IEM) are slowly add d. The mildly 
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exothermic r action mixtur is maintained at 35 • C for one hour, after which time IR-analysis shows no fr e 
r maining NCO-groups. 

A 0.5 mm thick polymer sheet is cast following the procedur of example 3 and having th following 
composition and properties: 



poly-butyleneoxide-dimethacrylate 
, C 6 F 13 CH 2 CH 2 OOC-CH=CH 2 
methoxyethyl acrylate 
Physical properties 
Tensile Strength 
Youngs Modulus 
Elongation 
Q 2 .DK 



25% 
25% 
50% 



6.8 kg/cm 2 
16.7 kg/cm 2 
66% 

13 bauers (0.4 mm/20°C) 



Water absorption is 1.4% 

Example 52: 428.0 g (0.2223 m) Poly-(butylene oxide) diol of MW 1925 are charged into a 3-necked 
round bottomed flask, equipped with stirrer, nitrogen inlet tube, condenser thermometer and dropping 
funnel. 0.050 g Dibutylttn dilaurate are added and the liquid is stirred at room temperature under dry 
nitrogen while 98.7 g (0.447 m) isophorone diisocyanate (IPDI) are slowly added. The mildly exothermic 
reaction mixture is maintained at 35* C for 1 1/3 hour, after which time NCO-titration shows the free 
remaining NCO-groups to be one half of their original concentration. 60.3 g (0.463 m) 2-Hydroxyethyl 
methacrylate are added to the reaction mixture which is then stirred at 30-35 • C for 22 hours, after which 
time no free NCO can be detected by IR analysis. 

A 0.5 mm thick polymer sheet is cast following the procedure of example 3 and having the following 
composition and properties: 

poly-butyleneoxide-dimethacrylate 
C6Fi 3 CH 2 CH 2 OOC-CH=CH 2 
methoxyethyl acrylate 
Physical properties 

Tensile Strength 

Youngs Modulus 

Elongation 

Q 2 .DK 



: 33% 
: 33% 
: 34% 

6.9 kg/cm 2 
14.7 kg/cm 2 
74% 

20 barren (0.4 mm/20°C) 



Water absorption is 1.8% 



Example 53 and 54: Synthesis of PEO-di-(urea-methacrylate) copolymers with Rf-ethyl acrylate or tris 
(trimethylsiloxy)-silyl-propyl methacrylate. 

59.95 g (0.010 m) a,<o-Di(1-m thyl-aminoethyl) poly-(ethyl n oxid ) of MW 5995 and 59.95 g of 
anhydrous m thyl propyl ketone are charged into a 3-neck d round bottomed flask equipped with a stirr r, 
nitrog n inlet, condens r, th rmometer and dropping funnel. Th solution is stirr d at room t mp ratur 
und r dry nitrogen. Then 3.10 g (0.020 mole) of 2-isocyanatoethyl methacrylate (MW 155) dissolved in 3.1 
g of anhydrous methyl propyl k ton are add d slowly from th dropping funnel. The mildly xothermic 
reaction is maintained at 35 • C and b low by water bath cooling for 1 hour at which time IR analysis shows 
the reaction to be complet . 
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Following th procedure of exampl 3, th PEO-dimetfiacrylate is reacted with a fluorinated and a 
silicone containing comonomer, using m thyl-propyl ketone as a solvent. The cl ar polymer she ts ar 
worked up as d scribed and t st d (CeFA is C1&F13- thylacrylate; Si4MA is tris-(trim thylsiloxy)-silylpropyl 
methacrylate; [POL] is concentration of monomer/polymer in methyl propyl ketone). 

Composition % INSTRON Data 



Ex. [POL] H 2 0 Tensile Young's Elongation O^.DK 

»Va nt „ Strength Modulus „ Barrers, 

No. Macromer C 6 FA Si 4 MA MOEA % % Kg/cm 2 Kg/cm 2 % at mm/ o C 

53 30 50 - 20 70 51.3 2.3 3.1 119 51 0.5/20 

54 40 - 40 20 63 57.7 3.3 3.3 227 47 0.5/20 



C 6 FA, Si 4 MA, MOEA, [POL] are defined in example 5 and 16 



Example 55: Synthesis of PEO (MW - 6000) di(urea-alpha-methyl styrene) 
59.95 g (0.010 m) of a,«-Di-(1-methyl-aminoethyl)-poly-(ethylene oxide) of MW 5995 (Jeffamine-ED 6000) 
and 59.95 g of anhydrous methyl propyl ketone are charged into a 3-necked round bottomed flask which 
has been equipped with a stirrer, nitrogen inlet, condenser, thermometer and dropping funnel. The solution 
is stirred at room temperature under dry nitrogen, then 4.02 g (0.020 mole) of m-isopropenyl-alpha.alpha- 
diamethylbenzyl isocyanate (MW 201) dissolved in 3.1 g of anhydrous methylpropyl ketone are added 
slowly from the dropping funnel. The mildly exothermic reaction is maintained at 35 • C and below by water 
bath cooling for 1 hour, at which time an IR analysis shows the reaction to be complete. 

Example 56-59: Following the general procedure of example 3, but using 25% methyl-propyl ketone as 
solvent, and using the PEO-macromers of example 53 and 55, fluorinated copolymer hydrogels are 
prepared and their properties measured. 



Ex. Macromer C 6 FA M-3 H 2 0 Tensile Young's Elongation 0 2 .DK 



No. 


of Ex. 


% 


% 


% 


Strength Modulus 
% Kg/cm 2 Kg/cm 2 


% 


Barrers, 
at mm/°C 


56 


53 


40 


40 


MOMA20 


58.0 4.8 


3.9 


298 


41 0.5/17 


57 


53 


40 


40 


MOA 20 


58.2 2.3 


4.2 


70 


42 0.5/17 


58 


55 


40 


40 


MOMA20 


61.6 2.4 


1.8 


261 


40 0.5/17 


59 


55 


40 


40 


MOA 20 


60.5 3.7 


5.9 


102 


41 0.5/17 



C 6 FA is C 6 F 13 -CH 2 CH 2 -OC-CH=CH 2 
MOMA is methoxy-ethyl methacrylate 
MOA is methoxy-ethyl acrylate 

Exampl 60: The macromer-monomer mixtures of examples 16, 56, 57, 58, and 59 are filled into poly- 
propylene contact I ns molds, which are exposed to UV radiation from a SYLVANIA Blacklite-blue lamp for 
four hours. Th molds are opened and the lenses are released during equilibration in distill d water. Clear, 
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soft and w ttable contact lens s ar obtained. 

Example 61 : Using the same procedure as describ d in xampl 60, contact lenses are prepared from 
the PPO-macromer/monomer solutions of xampl 45 and 47. CI ar, soft contact lenses are obtained. 

Example 62-67: Using the procedure described in example 3, the following compositions are prepared 
and their water content and physical properties are determined. 



Compositions 



Example 
No. 


Mac 
of Ex. 


Mac 

% 


C 6 FA H 2 0 

% % 


0 2 -DK Tensile 
barrers Strength 
at mm/°C Kg/cm 2 


Young's 
Modulus 
Kg/cm 2 


Elongat 
% 


62 


4 


30 


70 


34.8 


39 0.5/22 4.0 


7.1 


160 


63 


4+53" 


30 


70 


44.9 


43 0.43/20 5.2 


7.3 


190 


64 


53 


30 


70 


51.8 


51 0.5/20 2.3 


3.9 


220 


65 


4 


20 


80 


28.3 


48 0.43/22 4.6 


9.4 


200 


66 


4+53 ! > 


20 


80 


36.6 


43 0.45/22 7.4 


4.9 


380 


67 


53 


20 


80 


41.1 


53 0.45/20 3.8 


2.4 


490 



All polymers form clear, flexible hydrogels in water. 
J) Equal parts, by weight. 



Claims 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GB, GR, IT, LU, NL, SE 

1. A copolymer which is oxygen permeable, flexible, wettable, biocompatible and suitable for use in 
ophthalmic devices, such as contact lenses, which copolymer comprises the polymerization product of 

(A) 10 to 80% by weight of a vinyl-telechelic polyether, or a mixture thereof, 

(B) 90 to 20% by weight of 

(B-1) a fluorinated, ethylenically unsaturated monomer, or 

(B-2) a silicone-containing ethylenically unsaturated monomer, or a mixture of monomer (B-1) and 
monomer (B-2), and 

(C) 0 to 60% by weight of an ethylenically unsaturated monomer or mixture of monomers other than 
monomer (B-1) or monomer (B-2). 

2. A copolymer according to claim 1 wherein the vinyl-telechelic polyether (A) has the formula (A): 



Vi(Q)/ 



r H H -i H H 

I II I 

-4-(NR 2 ) a -0-(PE)-0-(R 2 N) a -Y -(NR 2 ) a -0-(PE)-0-(R 2 N) a -Q-V (A) 



Jm 



wherein PE has a number av rag molecular weight (MW) of about 500 to about 10000 and has the 
formula: 
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"H-O 



-(CH^CH-O- 
R{ - 



-<CH 2 ) n CH-0 



l{ Jp 



-(CH^CH- 



(PE) 



wherein n is 1 to 3, 

k, d and p are integers from 0 to 300, and the sum of k + d + p is 7 to 300, . 

Ri , FV and Ri " are independently of each other hydrogen or methyl, with trie proviso that if n is 3, Ri , 
Rr and Ri" are ? hydrogen, 

a is zero or 1 , • 
m is an integer from zero to 2, 
I is zero or 1 , 

R2 is linear or branched alkylene with 2 to 4 carbon atoms; 
Yis 



H H 
I I 

CN-R3-NC- or -C- : 

o o 



& 



wherein R 3 is a divalent aliphatic group with 2 to 14 carbon atoms, a divalent 5- or 6-membered 
cycloaliphatic group with 5 to 15 C-atoms, or an arylene group with 6 to 14 C-atoms, with the proviso, 
that if Y is 



? 



-C-, 



a is 1; 

Q is selected from (shown as attached to V): 



Q,V= -C-V 
1 II 

O 



Q 2 V= -CN-R 3 -NC-X-R 4 X r (C) b -V 

H H & 

H O 
I II 

Q 3 V = -C^N-RsOC-V and 

O 
H 

Q4V = -CN-R 6 -V 
O 



wherein FU is alkyl ne of 2 to 4 carbon atoms, 

Ffe is alkylen of 2 to 10 carbon atoms, 

R6 is arylene or alkyl-substituted arylene of 6 to 20 carbon atoms, 

X is -0- or -NR7-, wherein R7 is alkyl of 1 to 5 carbon atoms, 

X ( is -0-,-NH- or -NR7-, 
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b is zero or 1 , 
Vis 

-(CH 2 ) c -C=Oi 
Rj R 8 

c is zero or 1. 

Vi has same meaning as V, or is H or Rs, when I is zero, 

Rs is H or -COOH, with the proviso that, if Ra is -COOH, Ri is H, c is zero, and Q is Qi ; 

Rs is alkyl of 1 to 18 carbon atoms; 

with the further proviso that 

when Q is Q 2 , a is zero; 

when Q is Q2, Q 3 or CU, Rs is H; 

when c is 1 , b is zero, Q is Q 2 and R1 and Rg are H; and 

when V1 is R 9| m is zero. 

A copolymer according to claim 2 wherein the polyether PE is a polyethylene oxide) (PEO) of 500- 
10000 MVV, a polypropylene oxide) (PPO) of 500-10000 MW, a poly (ethylene oxide-co-propylene 
oxide) of random or block copolymer structure in ratios of PEO:PPO from 1:30 to 30:1 of 500-10000 
MW, or a po!y(tetramethylene oxide) of 500-10000 MW. 

A copolymer according to claim 3 wherein the polyether PE is a poly (ethylene oxide) of 1000-8000 
MW, or a poly(ethylene oxide-co-propylene oxide) of 1000-10000 MW and wherein a is 1 and Ffe is 

-CH 2 -<pH-. 
CH 3 

A copolymer according to claim 3 wherein the polyether is an polypropylene oxide) of 1000-8000 MW, 
a is 1 and R2 is 

-CH r <pH-. 
CH 3 

A copolymer according to claim 3 wherein QV is CfeV, wherein in Q 2 R3 is a divalent radical obtained 
by removing the two -NCO groups from a diisocyanate selected from the group consisting of ethylene 
diisocyanate, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanatopropane, 1 ,6-diisocyanatohexane, 1 ,2- 
diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 1 ,4-diisocyanatobenzene, bis(4- 
isocyanatocyclohexyl)methane, bis (4-isocyanatocyclohexenyl)m ethane, bis(4-isocyanatophenyl)-meth- 
ane, 2,6- and 2,4-toluene diisocyanate; S.S'-dichloro-M'-diisocyanatobiphenyl; 1 ,5-diisocyanatonaph- 
thalene, hydrogenated toluene diisocyanate; 1-isocyanatomethyl-5-isocyanato-1,3, 3-trimethylcyclohex- 
ane ( = isophorone diisocyanate); 2,2,4-(2,4 t 4)-trimethylhexane- 1 ,6-diisocyanate, 2,2'- 
diisocyanatodiethyl fumarate; 1,5-diisocyanato-1-carboxypentane; 1,2- , 1,3-, 1.6-, 1,7-, 1,8-, 2,7- and 
2,3-diisocyanatonaphthalene; 2,4- and 2,7-diisocyanato-l-methylnaphthalene; 4,4'-diisocyanatobiphenyl; 
4,4 , -diisocyanato-3,3*-diisocyanato-6(7)-m thylnaphthal ne; 4,4 , -diisocyanato-2,2 , -dim thyl biph nyl; 
bis-(4-isocyanatophenyl) ethane; and bis(4-isocyanatophenyl) ether, and V-(CO) b -Xi-R4-X- is the radical 
obtained by removing the active hydrogen atom from a hydroxyl or amino group of a compound 
selected from th group consisting of 2-hydroxyethyl acrylate and methacrylat , 2- and 3-hydrox- 
ypropyl acrylate and methacrylate; 4-hydroxybutyl acrylate and methacrylate; glycerol dimethacrylate; 
hydroxyethyl maleate and fumarat ; 2-hydroxyethyl- and 4-hydroxy-butyl vinyl ether; N-tert.-butyl- 
aminoethyl methacrylate, N-(3-hydroxypropyl)-methacrylamide; vinyl-benzyl alcohol; and allyl alcohol. 
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7. A copolym r according to claim 6 wherein diisocyanat is isophorone diisocyanate, 2,2,4-(2,4,4)- 
trimethylhexan -1 ,6-diisocyanat , 2,4-tolu n diisocyanate or 2,6-t luen diisocyanate, and th active 
hydrog n containing vinyl compound is 2-hydroxyethyl methacrylate, 2-hydroxy thyl acrylat or N-t rt. 
butyl-amino ethyl methacrylate. 

8- A copolymer according to claim 3 wherein QV is Q 3 V and V-COO-R5- is the radical obtained by 
removing the -NCO group from an isocyanate compound selected from the group consisting of 2- 
isocyanatoethyl methacrylate, 2-isocyanatoethyl acrylate, 3-isocyanatopropyl methacrylate, 1-methyl-2- 
isocyanatoethyl methacrylate, and 1 ,1 -dimethyl-2-isocyanatoethyl acrylate. 

9- A copolymer according to claim 8 wherein the isocyanate compound is 2-isocyanatoethyl methacrylate. 

10. A copolymer according to claim 3 wherein QV is CUV and V-FV is the radical obtained by removing 
the -NCO group from 2-isocyanatobutyl vinyl ether, styrene isocyanate, or m-isopropenyl-alpha,alpha- 
dimethylbenzyl isocyanate. 

11. A copolymer according to claim 10 wherein the isocyanate is m-isopropenyl-alpha, alpha-dimethylben- 
zyl isocyanate. 

12. A copolymer according to claim 4 wherein QV is Q 3 V and V-COO-Rs- is the radical obtained by 
removing the -NCO group from an isocyanate compound selected from the group consisting of 2- 
isocyanatoethyl methacrylate, 2-isocyanatoethyl acrylate, 3-isocyanatopropyl methacrylate, 1-methyl-2- 
isocyanatoethyl methacrylate, and 1,1-dimethyl-2-isocyanatoethyl acrylate. 

1a A copolymer according to claim 4 wherein QV is Q4V and V-FV is the radical obtained by removing 
the -NCO group from 2-isocyanatobutyl vinyl ether, styrene isocyanate, or m-isopropenyl-alpha,alpha- 
dimethylbenzyl isocyanate. 

14. A copolymer according to claim 5 wherein QV is Q 3 V and V-COO-Rs- is the radical obtained by 
removing the -NCO group from an isocyanate compound selected from the group consisting of 2- 
isocyanatoethyl methacrylate, 2-isocyanatoethyl acrylate, 3-isocyanatopropyl methacrylate, 1-methyl-2- 
isocyanatoethyl methacrylate, and 1,1-dimethyl-2-isocyanatoethyl acrylate. 

15. A copolymer according to claim 5 wherein QV is Q*V and V-FV is the radical obtained by removing 
the -NCO group from 2-isocyanatobutyl vinyl ether, styrene isocyanate, or m-isopropenyl-alpha,alpha- 
dimethylbenzyl isocyanate. 

16. A copolymer according to claim 12, wherein the isocyanate compound is 2-isocyanatoethyl 
methacrylate. 

17. A copolymer according to claim 13, wherein the isocyanate is m-isopropenyl-alpha, alpha-dimethyl 
benzyl isocyanate. 

1a A copolymer according to claim 14, wherein the isocyanate is 2-isocyanatoethyl methacrylate. 

19. A copolymer according to claim 15, wherein the isocyanate is m-isopropenyl-alpha, alpha-dimethyl 
benzyl isocyanate. 

20. A copolymer according to claim 2 wherein PE is poly(ethylene oxide), polypropylene oxide) or poly- 
ethylene oxide-co-propylene oxide) and QV is CfeV, Q3V or Q*V. 

21. A copolymer according to claim 20 wh r in QV is Q 3 V or Q*V and a is 1. 

22. A copolymer according to claim 1 wh rein (B-1) is a fluorine containing monomer containing at least 
three fluorine atoms selected from the group consisting of hexafluoroisopropyl acrylate and 
m thacrylate, perfluorocyclohexyl acrylate and methacrylate, pentafluorostyrene and the acrylate or 
m thacrylate esters or amides of the formula 
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CHf= (p-COX(CH 2 )-V^-R f (I) 
Ri 

wherein 

R f is -(CF 2 ),CF 2 L or -(CF 2 CF 2 :) q OCF(CF3)2, 

Ri is hydrogen or methyl, -v 
X is oxygen or -NR 7 - whereih R 7 is an alkyl group with 1-5 carbon atoms, 
r is an integer from 1-4, 
t is an integer from 0-14, 
q is an integer from 1-3; 

L is hydrogen or fluorine, with the proviso that, when t is 0, L is fluorine; and 

W is a direct bond or a divalent group of the structure -NR7-CO-; -NR 7 S0 2 -(CH 2 ) r -;-NR7S02-; -S-(CH 2 )- 
r -; -NR7-(CH 2 ) r -NR 7 S0 2 -; or -NHCO-. 

23. A copolymer according to claim 1 wherein (B-1) is a fluorinated monomer selected from the group 
consisting of hexafluoroisopropyl acrylate, hexafluoroisopropyl methacrylate or a compound of structure 
(I), as defined in claim 22, wherein W is a direct bond and L is fluorine. 

24. A copolymer according to claim 22 wherein X is oxygen, W is a direct bond, R1 is hydrogen, r is 2, t is 
6 to 10 and L is fluorine; or in which r is 1 or 2, t is 1*4 and L is fluorine, or in which R1 is methyl, r is 
2, t is 4 to 10 and L is fluorine. 

25. A copolymer according to claim 22 wherein r is 1 or 2, t is 1 to 4 and L is fluorine. 

26. A copolymer according to claim 22 wherein R is methyl, r is 2 and t is 4 to 10 and L is fluorine. 

27. A copolymer according to claim 1 wherein (B-2) is a silicone-containing vinyl monomer which is an 
oligosiloxanyl-silyi-alkyl acrylate or methacrylate containing 2 to 10 silicon atoms. 

2a A copolymer according to claim 27 wherein the monomer is selected from the group consisting of tris- 
(trimethylsiloxy)-silyl-propyl (meth)acrylate, triphenyldimethyl-disiloxanylmethyl (meth)acrylate, pen- 
tamethyl-disiloxanylmethyl acrylate, tert-butyltetramethyldlsiioxanylethyl (meth)acrylate, methyl-di- 
(trimethylsiloxy)silylpropyl-glyceryl (meth)acrylate; pentamethyldi-siloxanyl-methyl methacrylate; hep- 
tamethyl-cyclotetrasiloxy methyl methacrylate; heptamethyl-cyclotetrasiloxy-propy I methacrylate; 
(trimethylsilyl)-decamethyl-pentasiloxy-propyl methacrylate; and undecamethyl pentasiloxy propyl 
methacrylate. 

29. A copolymer according to claim 28 wherein the monomer is tris(trimethylsiloxy)-silyl-propyl 
methacrylate. 

30. A copolymer according to claim 1 wherein component (B) is 40 to 80% by weight of said copolymer. 

31. A copolymer according to claim 30 wherein component (B) is 50 to 70% by weight of said copolymer. 

32. A copolymer according to claim 1 wherein component (C) is a monomer selected from the group 
consisting of methyl acrylate, ethyl acrylate, n- and isopropyl acrylate, cyclohexyl acrylate, trimethyl- 
cyclohexyl acrylate, phenyl acrylate, benzyl acrylate and the corresponding methacrylates; furfuryl 
acrylate and methacrylate; methoxy-ethyl-, ethoxy-ethyl-, and ethoxy-ethoxy ethyl acrylate and 
methacrylate; 2-hydroxyethyl acrylate and m thacrylat , 3-hydroxypropyl acrylat , methacrylat and 
methacryiamid ; glycidyl m thacrylate; N.N-dimethylacrylamide; N-isopropyl- acrylamid ; N- 
vinylacetamide; N-vinylpyrrolidone; dimethylamino-ethyl methacrylate and methacrylamide; acrylic and 
methacrylic acid, vinyl sulfonic acid, styrene, 4-styrene sulfonic acid and 2-methacrylamido-2-methyl- 
propane-sulfonic acid and their salts, and mixtures thereof. 
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33. A copolymer according to claim 32 wher in monomer is m thoxy-ethyl acrylate and methoxy-ethyl 
methacrylat , ethoxy-ethyl acrylate and ethoxy-ethyl methacrylat ; methyl m thacrylat ; methyl ae- 
ry lat , 2-hydroxyethyl methacrylate; N-vinylpyrrolidone; N,N-dim thyl-acrylamide and styr n , and 
ethoxy-ethoxy-ethyl acrylate or mixtures thereof. 

5 

34. A copolymer according to claim 1 wherein component (C) is 5 to 60% by weight of said copolymer. 

^ 35. A copolymer according to claim 34 wherein component* (C) is 10 to 50% by weight of said copolymer. 
w - 36. A copolymer according to claim 1 which is in the shape of a contact lens. 

37. A copolymer according to claim 1 wherein polyether PE is a fluorinated polyether of MW 600-5000 of 
structure HO-CH 2 CF 2 (C 2 F*0) x (CF20) y CF2CH2-OH 1 wherein x and y are independently of each other 
integers from 6 to 50, 

75 

38. A copolymer according to claim 4 wherein the amount of component (C) is zero. 

39. A copolymer according to claim 4 wherein component (A) is 15-30% by weight of said copolymer. 
20 40. A copolymer according to claim 5 wherein component (A) is 30-60% by weight of said copolymer. 

41. A copolymer according to claim 38 which is in the shape of a contact lens. 

42. A process for the manufacture of a copolymer according to claim 1 characterized in conventionally 
25 copolymerizing the monomer mixture by employing initiators which generate free-radicals on applica- 
tion of an activating energy. 

43. Use of a copolymer according to claim 1 for the manufacture of a contact lens. 
30 44. A contact lens comprising a copolymer as defined in claim 1. 

45. A contact lens consisting essentially of a copolymer as defined in claim 1. 
Claims for the following Contracting State : ES 

35 

1. A process for the manufacture of a copolymer which is oxygen permeable, flexible, wettable, 
biocompatible and suitable for use in ophthalmic devices, such as contact lenses, which copolymer 
comprises the polymerization product of 

(A) 10 to 80% by weight of a vinyl-telechelic polyether, or a mixture thereof, 
40 (B) 90 to 20% by weight of 

(B-1) a fluorinated, ethylenically unsaturated monomer, or 

(B-2) a silicone-containing ethylenically unsaturated monomer, or a mixture of monomer (B-1) and 
monomer (B-2), and 

(C) 0 to 60% by weight of an ethylenically unsaturated monomer or mixture of monomers other than 
45 monomer (B-1 ) or monomer (B-2), 

characterized in conventionally copolymerizing the monomer mixture by employing initiators which 
generate free-radicals on application of an activating energy. 



50 



55 



2. A process according to claim 1 wherein the vinyl-telechelic polyether (A) has the formula (A): 

r H H -i H H 

V!(Q), - -(NR 2 ) a -0-(PE)-0-(R 2 N) a -Y -(NR 2 ) a -0-(PE>0-(R 2 N) a -Q-V (A) 

Jm 

wher in PE has a number averag molecular w ight (MW) of about 500 to about 10000 and has the 
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formula: 



(CH^H-O 
Ri J 



-<CH 2 ) n CH-0 

Ri -I 



-(CH 2 ) n CHO 

Ri' Jp 



-(CH 2 )„CH- 



(PE) 



wherein n is 1 to 3, 

k t d and p are integers from 0 to 300, and the sum of k + d + p is 7 to 300, 

Ri , Rr and Ri " are independently of each other hydrogen or methyl, with the proviso that if n is 3, Ri , 
Ri ' and Ri " are hydrogen, 
a is zero or 1 , 

m is an integer from zero to 2, 
I is zero or 1 , 

R2 is linear or branched alkylene with 2 to 4 carbon atoms; 
Yis 



H 



H 
I 



-CN-R 3 -NC-or-C-, 
II 3 II II 

o o o 



wherein H 3 is a divalent aliphatic group with 2 to 14 carbon atoms, a divalent 5- or 6-membered 
cycloaliphatic group with 5 to 15 C-atoms, or an arylene group with 6 to 14 C-atoms, with the proviso, 
that if Y is 



-C-. 



a is 1; 

Q is selected from (shown as attached to V): 



Q,V = -C-V 
1 II 

O 

o 
II 

Q2V= -GN-R 3 -NC-X-R4X r (C) b -V 
H H & 



H O 
I II 

Q3V = -(j:N-R50C-Vand 

O 
H 

Q4V = -CN-Re-V 
O 



wh rein FU is alkyl ne of 2 to 4 carbon atoms, 
Rs is alkyl ne of 2 to 10 carbon atoms, 
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Re is arylene or alkyl-substitut d aryiene of 6 to 20 carbon atoms, 

X is -0- or -NR7-, wher in R7 is alky I of 1 to 5 carbon atoms, 

XI is-0-,-NH-or-NR 7 -, 
b is zero or 1, 

Vis 

-(CH^-C^CH 
R 1 R 8 

c is zero or 1, 

Vi has same meaning as V, or is H or R9, when I is zero, 

Ra is H or -COOH, with the proviso that, if Ra is-COOH, Ri is H, c is zero, and Q is Q1 ; 

Ra is alkyl of 1 to 18 carbon atoms; 

with the further proviso that 

when Q is Q2, a is zero; 

when Q is Q2, Cb or CU, Ra is H; 

when c is 1, b is zero, Q is Cfe and R1 and R& are H; and 

when Vt is Ra, m is zero. 

3. A process according to claim 2 wherein the polyether PE is a polyethylene oxide) (PEO) of 500-10000 
MW, a poly(propylene oxide) (PPO) of 500-10000 MW, a polyethylene oxide-co-propylene oxide) of 
random or block copolymer structure in ratios of PEO:PPO from 1:30 to 30:1 of 500-10000 MW, or a 
poly(tetramethylene oxide) of 500-10000 MW. 

4. A process according to claim 3 wherein the polyether PE is a polyethylene oxide) of 1000-8000 MW, 
or a poly(ethy!ene oxide-co-propylene oxide) of 1000-10000 MW and wherein a is 1 and R2 is 

-CH 2 -<pH-. 
CH 3 

5. A process according to claim 3 wherein the polyether is an polypropylene oxide) of 1000-8000 MW, a 
is 1 and R2 is 

-CH 2 -^H-. 
CH 3 

S. A process according to claim 3 wherein QV is Cfe V, wherein in Cb R3 is a divalent radical obtained by 
removing the two -NCO groups from a diisocyanate selected from the group consisting of ethylene 
diisocyanate, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanatopropane, 1 ,6-diisocyanatohexane, 1 ,2- 
diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 1 ,4-diisocyanatobenzene, bis(4- 
isocyanatocyclohexyl)methane, bis (4-isocyanatocyclohexenyl)methane, bis(4-isocyanatophenyl)-meth- 
ane, 2,6- and 2,4-toluene diisocyanate; a.S'-dichloro-M'-diisocyanatobiphenyl; 1 ,5-diisocyanatonaph- 
thalene, hydrogenated toluene diisocyanate; 1 -isocyanatomethyl-5-isocyanato-1 ,3, 3-trimethylcyclohex- 
ane ( = isophorone diisocyanat ); 2,2,4-(2,4,4)-trimethylhexane-1 l 6-diisocyanat ,2 f 2'-diisocyanatodiethyl 
fumarate; 1,5-diisocyanato-1-carboxypentan ; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- and 2,3-diisocyanatonaph- 
thalen ; 2,4- and 2,7-diisocyanato-1 -methyl naphthalene; 4,4 , -diisocyanatobiphenyl; 4,4'-diisocyanato- 
3,3 , -diisocyanato-6(7)-methylnaphthalene; 4,4'-diisocyanato-2 .^-dimethyl biph nyl; bis-(4- 
isocyanatoph nyl) ethan ; and bis(4-isocyanatophenyl) eth r, and V-(CO) b -Xi-FU-X- is the radical 
obtained by removing th activ hydrog n atom from a hydroxyl or amino group of a compound 
selected from the group consisting of 2-hydroxy thyl acrylate and methacrylate, 2- and 3-hydrox- 
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ypropyl acrylate and m thacrylat ; 4-hydroxybutyl acrylat and m thacrylate; glycerol dimethacrylat ; 
hydroxyethyl maleat and fumarat ; 2-hydroxyethyl- and 4-hydroxy-butyl vinyl ether; N-tert.-butyl- 
aminoethyl methacrylat , N-(3-hydroxypropyl)-methacrylamide; vinyl-benzyl alcohol; and allyl alcohol. 

7. A process according to claim 6 wherein diisocyanate is isophorone diisocyanate, 2 I 2,4-(2,4,4)-trimethyl- 
hexane-1 ,6-diisocyanate, 2,4-toluene diisocyanate or 2,6-toluene diisocyanate, and the active hydrogen 
containing vinyl compound is 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate or N-tert. butyl- 
amino ethyl methacrylate. 

8. A process according to claim 3 wherein QV is QaV and V-COO-fV is the radical obtained by removing 
the -NCO group from an isocyanate compound selected from the group consisting of 2-isocyanatoethyl 
methacrylate, 2-isocyanatoethyl acrylate, 3-isocyanatopropyl methacrylate, 1 -methyl-2-isocyanatoethyl 
methacrylate, and 1,1-drmethyl-2-isocyanatoethyl acrylate. 

9. A process according to claim 8 wherein the isocyanate compound is 2-isocyanatoethyl methacrylate. 

10. A process according to claim 3 wherein QV is CUV and V-Rs- is the radical obtained by removing the 
-NCO group from 2-isocyanatobutyl vinyl ether, styrene isocyanate, or m-isopropenyl-alpha.alpha- 
dimethylbenzyl isocyanate. 

11. A process according to claim 10 wherein the isocyanate is m-isopropenyl-alpha, alpha-dimethylbenzyl 
isocyanate. 

12. A process according to claim 4 wherein QV is Q 3 V and V-COO-R5- is the radical obtained by removing 
the -NCO group from an isocyanate compound selected from the group consisting of 2-isocyanatoethyl 
methacrylate, 2-isocyanatoethyl acrylate, 3-isocyanatopropyl methacrylate, 1-methyl-2-isocyanatoethyl 
methacrylate, and 1,1-dimethyl-2-isocyanatoethyl acrylate. 

13. A process according to claim 4 wherein QV is Q*V and V-Rs- is the radical obtained by removing the 
-NCO group from 2-isocyanatobutyl vinyl ether, styrene isocyanate, or m-isopropenyl-alpha,alpha- 
dimethylbenzyl isocyanate. 

14. A process according to claim 5 wherein QV is Q3V and V-COO-R5- is the radical obtained by removing 
the -NCO group from an isocyanate compound selected from the group consisting of 2-isocyanatoethyl 
methacrylate, 2-isocyanatoethyl acrylate, 3-isocyanatopropyl methacrylate, 1-methyl-2-isocyanatoethyl 
methacrylate, and 1,1-dimethyl-2-isocyanatoethyl acrylate. 

15. A process according to claim 5 wherein QV is Q*V and V-R5- is the radical obtained by removing the 
-NCO group from 2-isocyanatobutyl vinyl ether, styrene isocyanate, or m-isopropenyl-alpha,alpha- 
dimethylbenzyl isocyanate. 

16. A process according to claim 12, wherein the isocyanate compound is 2-isocyanatoethyl methacrylate. 

17. A process according to claim 13, wherein the isocyanate is m-isopropenyl-alpha, alpha-dimethyl benzyl 
isocyanate. 

18. A process according to claim 14, wherein the isocyanate is 2-isocyanatoethyl methacrylate. 

19. A process according to claim 15, wherein the isocyanate is m-isopropenyl-alpha, alpha-dimethyl benzyl 
isocyanate. 

20. A process according to claim 2 wherein PE is poly( thy! ne oxide), poly(propyl n oxide) or poly- 
(ethylen oxid -co-propyl ne oxid ) and QV is CbV, Q 3 V or CUV. 

21. A process according to claim 20 wherein QV is Q 3 or CU V and a is 1 . 

22. A proc ss according to claim 1 wherein (B-1) is a fluorine containing monom r containing at least three 
fluorine atoms s lected from the group consisting of h xafluoroisopropyl acrylat and methacrylate, 
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perfluorocyclohexyl acrylate and methacrylate, pentafluorostyr n and th acrylate or m thacrylate 
esters or amides of the formula 

CH^ (p— COX(CH 2 ) r — W— R f (I) 
Rl 

wherein 

R f is -(CF 2 ) t CF 2 L or -(CF 2 CF 2 ) q OCF(CF 3 )2, 
Ri is hydrogen or methyl, 

X is oxygen or -NR7- wherein R7 is an alky I group with 1-5 carbon atoms, 
r is an integer from 1-4, 
t is an integer from 0-14, 
q is an integer from 1-3; 

L is hydrogen or fluorine, with the proviso that, when t is 0, L is fluorine; and 

W is a direct bond or a divalent group of the structure -NR7-CO-; -NR 7 S02-(CH2) r -;-NR 7 S02-; -S-(CH 2 )- 
-NR 7 -(CH 2 ) r -NR 7 S0 2 -; or -NHCO-. 

23. A process according to claim 1 wherein (B-1) is a fluorinated monomer selected from the group 
consisting of hexafluoroisopropyl acrylate, hexafluoroisopropyl methacrylate or a compound of structure 
(I), as defined in claim 22, wherein W is a direct bond and L is fluorine. 

24. A process according to claim 22 wherein X is oxygen, W is a direct bond, R1 is hydrogen, r is 2, t is 6 
to 10 and L is fluorine; or in which r is 1 or 2, t is 1-4 and L is fluorine, or in which R1 is methyl, r is 2, t 
is 4 to 10 and L is fluorine. 

25. A process according to claim 22 wherein r is 1 or 2, t is 1 to 4 and L is fluorine. 

26. A process according to claim 22 wherein R is methyl, r is 2 and t is 4 to 10 and L is fluorine. 

27. A process according to claim 1 wherein (B-2) is a silicone-containing vinyl monomer which is an 
oligosiloxanyl-silyl-alkyl acrylate or methacrylate containing 2 to 10 silicon atoms. 

28. A process according to claim 27 wherein the monomer is selected from the group consisting of tris- 
(trimethylsiloxy)-silyl-propyl (meth)acrylate, triphenyldimethyl-disiloxanylmethyl (meth)acrylate, pen- 
tamethyl-disiloxanylmethyl acrylate, tert-butyltetramethyldisiloxanylethyl (meth)acrylate, methyl-di- 
(trimethylsiloxy)silylpropyl-glyceryl (meth)acrylate; pentamethyldi-siloxanyl-methyl methacrylate; hep- 
tamethyl-cyclotetrasiloxy methyl methacrylate; heptarnethyl-cyclotetrasiloxy-propyl methacrylate; 
(trimethylsilyl)-decamethyl-pentasiloxy-propyl methacrylate; and undecamethyl pentasiloxypropyl 
methacrylate. 

29. A process according to claim 28 wherein the monomer is tris(trimethylsiloxy)silyl-propyl methacrylate. 

30. A process according to claim 1 wherein component (B) is 40 to 80% by weight of said copolymer. 

31. A process according to claim 30 wherein component (B) is 50 to 70% by weight of said copolymer. 

32. A process according to claim 1 wherein component (C) is a monomer selected from the group 
consisting of methyl acrylate, ethyl acrylate, n- and isopropyl acrylate, cyclohexyl acrylate, trimethyl- 
cyclohexyl acrylate, phenyl acrylat , benzyl acrylate and the corr spending methacrylates; furfuryl 
acrylate and methacrylat ; m thoxy-ethyl-, thoxy-ethyl-, and ethoxy- thoxy thyl acrylate and 
methacrylate; 2-hydroxy thyl acrylate and methacrylate, 3-hydroxypropyl acrylat , methacrylat and 
m thacrylamide; glycidyl methacrylat ; N,N-dimethylacrylamide; N-isopropyl- acrylamide; N- 
vinylac tamide; N-vinylpyrrolidon ; dimethylamino- thyl m thacrylate and methacrylamide; acrylic and 
m thacrylic acid, vinyl sulfonic acid, styr ne, 4-styrene sulfonic acid and 2-methacrylamido-2-methyl- 
propan -sulfonic acid and their salts, and mixtur s ther of. 
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33. A process according to claim 32 wher in monomer is methoxy-ethyl acrylate and methoxy- thyl 
methacrylate, ethoxy-ethyl acrylate and ethoxy-ethyl methacrylate; methyl methacrylate; methyl ac- 
rylate, 2-hydroxyethyl methacrylate; N-vinylpyrrolidone; N,N-dimethyl-acrylamide and styrene, and 
ethoxy-ethoxy-ethyl acrylate or mixtures thereof. 

5 

34. A process according to claim 1 wherein component (C) is 5 to 60% by weight of said copolymer. 

35. A process according to claim 34 wherein component (C) is 10 to 50% by weight of said copolymer. 
to 36. A process according to claim 1 for the manufacture of a contact lens. 

37. A process according to claim 1 wherein polyether PE is a fluorinated polyether of MW 600-5000 of 
structure HO-CH2CF 2 (C2F4 0)x(CF20)yCF2CH2-OH, wherein x and y are independently of each other 
integers from 6 to 50. 

75 

38. A process according to claim 4 wherein the amount of component (C) is zero. 

39. A process according to claim 4 wherein component (A) is 15-30% by weight of said copolymer. 
20 40. A process according to claim 5 wherein component (A) is 30-60% by weight of said copolymer. 

41. A process according to claim 38 for the manufacture of a contact lens. 

42. Use of a copolymer according to claim 1 for the manufacture of a contact lens. 

25 

4a A contact lens comprising a copolymer as defined in claim 1. 
44. A contact lens consisting essentially of a copolymer as defined in claim 1 . 
30 PatentansprUche 

PatentansprUche fUr folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, QR, IT, LU, NL, SE 

1. Copolymeres, das sauerstoffdurchlassig, elastisch, benetzbar, biokompatibel und zur Verwendung in 
ophthalmol ogischen Vorrichtungen, wie Kontaktlinsen, geeignet ist, dadurch gekennzelchnet, daB es 
35 das Polymerisationsprodukt aus 

(A) 10 bis 80 Gew.-% eines Vinyl-telechelen Polyethers Oder eines Gemisches daraus, 

(B) 90 bis 20 Gew.-% aus 

(B-1) einem fluorierten, ethylenisch ungesSttigten Monomeren, oder 

(B-2) einem Silicon-enthaltenden ethylenisch ungesSttigten Monomeren Oder einem Gemisch aus 
40 Monomer (B-1) und Monomer (B-2), und 

(C) 0 bis 60 Gew.-% eines ethylenisch ungesattigten Monomeren oder eines Gemisches der 
Monomeren, ausgenommen Monomeres (B-1) oder Monomeres (B-2), umfaBt 



2. Copolymeres nach Anspruch 1 , worin der Vinyltelechele Polyether (A) die Formel (A) besitzt: 



45 



H . H 

I I 
V^Q), — (NR 2 ) r 0-(PE)-O^(R 2 N) a -Y 



50 



55 



H H 



-(NR^-O-CPEJ-O-CRjNVQ-V (A) 
_ m 

worin PE in zahlendurchschnittliches Molekulargewicht (MG) von etwa 500 bis etwa 10.000 b sitzt und 
di Formel 
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:h-o 



(CH 2 ) n <j: 
r, 



«CH 2 ) n CH-0 



r; 



-{CH 2 ) n CH-0 
RJ - 



-(CH^CH- 



(PE) 



besitzt, worin n den Wert 1 bis 3 besitzt, 

k, d und p ganze Zahlen von 0 bis 300 sind, und die Summe aus k + d + p 7 bis 300 betrSgt, 

Ri, Rr und Ri". unabhSngig voneinander fOr ein Wasserstoffatom oder eine Methylgruppe stehen, mit 

der MaBgabe. dafl wenn n den Wert 3 hat, Ri , Rr und Ri " Wasserstoff bedeuten, 

a den Wert 0 Oder 1 besitzt. 

m eine ganze Zahl von 0 bis 2 ist, 

i den Wert 0 oder 1 besitzt, 

R 2 eine lineares oder verzweigtes Alkyien mit 2 bis 4 Kohlenstoffatomen ist, 
Y 



H H 
I I 
-CN-Ro-NC- oder -C- 

" 1 

0 0 0 

bedeutet, worin Ra eine zweiwertige aliphatische Gruppe mit 2 bis 14 Kohlenstoffatomen, eine 
zweiwertige 5- oder 6-gliedrige cycloaliphatische Gruppe mit 5 bis 15 Kohlenstoffatomen oder eine 
Arylengruppe mit 6 bis 14 Kohlenstoffatomen ist, mit der MaBgabe, daB, wenn Y 



ist, a den Wert 1 hat; 

Q ausgewahlt ist aus (gezeigt in Bindung an V): 

Q X V= -C-V 
1 II 
O 

II IT 
Q 2 Y= -CN-R 3 -NC-X-R4X r (C) b .V 

H H * O 



H O ? 
Q 3 V^CN.R 5 OC.V und W^-*** 



O 



worin R4 ein Alkyien mit 2 bis 4 Kohlenstoffatomen ist, 
R 5 ein Alkyien mit 2 bis 10 Kohlenstoffatomen ist, 

Re ein Arylen od r ein Alkyl-substituiert s Arylen mit 6 bis 20 Kohl nstoffatom n ist, 
X -O- od r -NR7- bedeutet, worin R 7 ein Alkyl mit 1 bis 5 Kohlenstoffatomen ist, 
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Xi -0-, -NH- od r -NR 7 - bed ut t, 
b den Wert 0 od r 1 besitzt, 
V 



-(CH 2 ) C -C=CH 
R 1 R 8 

>:w, • 

io bedeutet, 

c den Wert 0 Oder 1 besitzt, 

Vi die gleiche Bedeutung wie V besitzt, oder fUr H Oder R 9 steht, wenn I den Wert 0 hat, 
Rs fur H Oder -COOH steht, mit der MaBgabe, daB. wenn Ra -COOH 1st, Ri H, c 0 und Q Qi bedeutet, 
R 9 ein Alkyl mit 1 bis 18 Kohlenstoffatomen ist; 
75 mit der weiteren MaBgabe, daB, wenn Q Gfe ist, a fUr 0 steht; 
wenn Q Gfe, Q 3 oder 0^ ist, Ra fUr H steht; 

wenn c 1 bedeutet, b 0 ist, Q Cfe ist und Ri und Ra H bedeuten; und 
wenn Vi Rs ist, m den Wert 0 hat. 

20 3. Copolymeres nach Anspruch 2, worin der Polyether PE ein Poly(ethylenoxid) (PEO) mit einem 
Molekulargewicht von 500 bis 10.000, ein Poly(propylenoxid) (PPO) mit einem Molekulargewicht von 
500 bis 10.000, ein Poly(ethylenoxidcopropylenoxid) mit einer Zufalls- oder Blockcopolymerstruktur in 
den Verhaltnissen von PEO:PPO von 1:30 bis 30:1 mit einem Molekulargewicht von 500 bis 10.000 
oder ein Poly(tetramethylenoxid) mit einem Molekulargewicht von 500 bis 10.000 ist. 
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Copolymeres nach Anspruch 3, worin der Polyether PE ein Poly(ethylenoxid) mit einem Molekularge- 
wicht von 1000 bis 8000 oder ein Poly(ethylenoxidcopropylenoxid) mit einem Molekulargewicht von 
1000 bis 10.000 ist, und worin a den Wert 1 und R2 

-CH,-CH- 
2 I 
CH 3 



35 bedeutet. 

5. Copolymeres nach Anspruch 3, worin der Polyether ein Poly(propylenoxid) mit einem Molekulargewicht 
von 1000 bis 8000 ist, a den Wert 1 hat und R2 fUr 

40 -CH--CH- 

2 \ 
CH 3 



45 steht. 

6. Copolymeres nach Anspruch 3, worin QV Cfe V ist, worin in Q2 Ra ein zweiwertiger Rest ist, erhalten 
durch Entfernen der zwei NCO-Gruppen aus einem Diisocyanat, ausgewShlt aus der Gruppe bestehend 
aus Ethylendiisocyanat, 1 ,2-Diisocyanatopropan, 1 ,3-Diisocyanatopropan, 1 ,6-Diisocyanatohexan, 1,2- 

50 Diisocyanatocyclohexan, 1 ,3-Diisocyanatocyclohexan, 1 ,4-Diisocyanatobenzol, Bis-(4-isocyanatocyclo- 
hexyl)methan, Bis-(4-isocyanatocyclohexenyl)methan, Bis-(4-isocyanatophenyl)methan, 2,6- und 2,4- 
Toluoldiisocyanat; S^'-DichloM^'-diisocyanatobiphenyl; 1,5-Diisocyanatonaphthalin, hydriertem Toluol- 
diisocyanat; 1-lsocyanatom thyl-5-isocyanato-1 ,3,3-trim thylcyclohexan ( = lsophorondiisocyanat); 2,2,4- 
(2,4,4)-Trimethylh xan-1 ,6-diisocyanat, 2,2 , -Diisocyanatodiethylfumarat; 1 ,5-Diisocyanato-1-carboxypen- 

55 tan; 1,2, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- und 2,3-Diisocyanatonaphthalin; 2,4- und 2,7-Diisocyanato-1 -methyl- 
naphthalin; 4,4 , -Diisocyanatobi-phenyl; 4,4 , -Diisocyanato-3,3 , -diisocyanato-6(7)-methyl-naphthalin; 4,4'- 
Diisocyanato-2,2 , -dim thylbiphenyl; Bis-(4-isocyanatophenyl)ethan; und Bis-(4-isocyanato-ph nyl)ether, 
und V-(CO) b -Xi-R4-X- der Rest, erhalt n durch Entfernen des aktiven Wasserstoffatoms aus einer 
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Hydroxyl- oder Aminogruppe in r V rbindung, ausg wShlt aus d r Grupp , best hand aus 2- 
Hydroxyethylacrylat und -m thacrylat, 2- und 3- Hydroxy propylacrylat und -m thacrylat; 4-Hydroxybutyl- 
acrylat und -methacrylat; Glycerindimethacrylat; Hydroy thylmaleat und -fumarat; 2-Hydroxy thyl- und 
4-Hydroxybutylvinylether; N-tert.-Butylaminoethylmethacrylat, N-(3-Hydroxypropyl)methacrylamid; Vi- 
nylbenzylalkohol; und Allylalkohol, ist. 

7. Copolymeres nach Anspruch 6, worin das Diisocyanat Isophorondi isocyanat, 2 I 2 l 4-(2,4,4)-Trimethylhe- 
xan-1,6-diisocyanat, 2,4-Toluoldiisocyanat Oder 2,6-Toluoldiisocyanat ist, und die den aktiven Wasser- 
stdff enthaltende Vinylverbindung 2-Hydroxyethylmethacrylat, 2-Hydroxyethylacrylat Oder N-tert.-Butyla- 
minoethylmethacrylat ist. 

8. Copolymeres nach Anspruch 3, worin QV Q 3 V ist, und V-COOrFV der Rest, erhalten durch Entfernen 
der NCO-Gruppe von einer Isocyanatverbindung, ausgewahlt aus der Gruppe, bestehend aus 2- 
Isocyanatoethylmethacrylat, 2-lsocyanatoethylacrylat, 3-lsocyanatopropylmethacrylat, 1-Methyl-2-isocy- 
anatoethylmethacrylat, und 1,1-Dimethyl-2-isocyanatoethylacrylat, ist. 

9. Copolymeres nach Anspruch 8, worin die Isocyanatverbindung 2-lsocyanatoethylmethacrylat ist. 

10. Copolymeres nach Anspruch 3. worin QV CUV ist, und V-Ffe- der Rest, erhalten durch Entfernen der 
NCO-Gruppe aus 2-lsocyanatobutyivinylether, Styrolisocyanat Oder m-lsopropenyl-a,a-dimethylbenzyli- 
socyanat, ist. 

11. Copolymeres nach Anspruch 10, worin das Isocyanat m-lsopropenyl-a,a-dimethylbenzylisocyanat ist. 

12. Copolymeres nach Anspruch 4, worin QV CbV ist, und V-COO-Rs- der Rest, erhalten durch Entfernen 
der NCO-Gruppe von einer Isocyanatverbindung, ausgewahlt aus der Gruppe, bestehend aus 2- 
Isocyanatoethylmethacrylat, 2-lsocyanatoethylacrylat, 3-lsocyanatopropylmethacrylat, 1-Methyl-2-isocy- 
anatoethylmethacrylat, und 1,1-Dimethyl-2-isocyanatoethylacrylat, ist. 

13. Copolymeres nach Anspruch 4, worin QV Q 4 V ist, und V-Re- der Rest, erhalten durch Entfernen der 
NCO-Gruppe von 2-lsocyanatobutylvinylether, Styrolisocyanat, oder m-lsopropenyl-a,a-dimethylbenzyli- 
socyanat, ist. 

14. Copolymeres nach Anspruch 5, worin QV CbV ist, und V-COO-R5- der Rest, erhalten durch Entfernen 
der NCO-Gruppe von einer Isocyanatverbindung, ausgewShlt aus der Gruppe, bestehend aus 2- 
Isocyanatoethylmethacrylat, 2-lsocyanatoethylacrylat, 3-lsocyanatopropylmethacrylat, 1-Methyl-2-isocy- 
anatoethylmethacrylat und t,1-Dimethyl-2-isocyanatoethylacrylat, ist. 

15. Copolymeres nach Anspruch 5, worin QV CUV ist und V-R5- der Rest, erhalten durch Entfernen der 
NCO-Gruppe aus 2-lsocyanatobutylvinylether, Styrolisocyanat oder m-lsopropenyl-a,a-dimethylbenzyli- 
socyanat, ist. 

16. Copolymeres nach Anspruch 12, worin die Isocyanatverbindung 2-lsocyanatoethylmethacrylat ist. 

17. Copolymeres nach Anspruch 13, worin das Isocyanat m-lsopropenyl-a ? a-dimethylbenzylisocyanat ist. 

18. Copolymeres nach Anspruch 14, worin das Isocyanat 2-lsocyanatoethylmethacrylat ist. 

19. Copolymeres nach Anspruch 15, worin das Isocyanat m-lsopropenyl-a,a-dimethylbenzylisocyanat ist. 

20. Copolymeres nach Anspruch 2, worin das PE Poly-(ethylenoxid), Poly-(propylenoxid) oder Poly(ethylen- 
copropylenoxid) ist, und QV Q 2 V, Q 3 V oder Q*V ist. 

21. Copolym res nach Anspruch 20, worin QV Q3V oder CUV b d utet, und a d n Wert 1 hat. 

22. Copolymer s nach Anspruch 1, worin. (B-1) in Fluor-enthaltend s Monomeres ist, das mindestens 3 
Ruoratome nthSIt, ausg wShlt aus der Grupp , best hend aus Hexafluorisopropylacrylat und -m tha- 
crylat, Perfluorcycloh xylacrylat und -m thacrylat, P ntafluorstyrol und den Acrylat- oder Methacrylat - 
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stern od r Amiden d r Form I 

CHf=<j:-COX(CH 2 ) r -WHR f (I) 

worin \$ 

R, -(CF 2 ) t CF 2 L Oder -(CF 2 CF 2 ) q OCF(CF 3 bedeutet, 

Ri fUr ein Wasserstoffatom Oder eine Methylgruppe steht, 

X ftlr ein Sauerstoffatom Oder -NR 7 - steht, worin R7 eine Alkylgruppe mit 1-5 Kohlenstoffatomen 
bedeutet, 

r eine ganze Zahl von 1-4 ist, 
t eine ganze Zahl von 0-14 ist, 
q eine ganze Zahl von 1-3 ist; 

L fOr ein Wasserstoff- oder ein Fluoratom steht, mit der MaBgabe, daB, wenn t den Wert 0 hat. L fOr ein 
Fluoratom steht; und W eine direkte Bindung oder eine zweiwertige Gruppe der Struktur -NR7-CO-; 
NR/SOHCH^,-; -NR 7 S02-;-S-(CH 2 ) r -; -NR 7 -(CH 2 ) r -NR 7 S0 2 -, oder -NHCO- ist. 

23. Copolymeres nach Anspruch 1. worin (B-1) ein fluoriertes Monomeres, ausgewShlt aus der Gruppe, 
bestehend aus Hexafluorisopropylacrylat, Hexafluorisopropylmethacrylat oder eine Verbindung der 
Struktur (I), wie in Anspruch 22 definiert. worin W eine direkte Bindung und L ein Fluoratom ist, ist. 

24. Copolymeres nach Anspruch 22, worin X ein Sauerstoffatom ist, W eine direkte Bindung ist, R1 ein 
Wasserstoffatom ist, r den Wert 2 besitzt, t den Wert 6 bis 10 besitzt, und L ein Fluoratom ist; oder 
worin r den Wert 1 oder 2 besitzt, t den Wert 1 bis 4 besitzt und L ein Fluoratom ist, oder worin R1 
eine Methylgruppe bedeutet, r den Wert 2 besitzt, t den Wert 4 bis 10 besitzt und L ein Fluoratom ist. 

25. Copolymeres nach Anspruch 22, worin r den Wert 1 oder 2 besitzt, t den Wert 1 bis 4 besitzt und L ein 
Fluoratom ist. 

26. Copolymeres nach Anspruch 22, worin R fOr eine Methylgruppe steht, r den Wert 2 besitzt und t den 
Wert 4 bis 10 besitzt und L ein Fluoratom bedeutet. 

27. Copolymeres nach Anspruch 1, worin (B-2) ein Silicon-enthaltendes Vinylmonomeres ist, das ein 
Oligosiloxanylsilylalkylacrylat oder -methacrylat mit 2 bis 10 Siliciumatomen ist. 

2& Copolymeres nach Anspruch 27, worin das Monomere aus der Gruppe, bestehend aus Tris- 
(trimethylsiloxy)silylproypl(meth)acrylat, Triphenyldimethyidisiloxanylmethyl{meth)acrylat, Pentamethyl- 
disiloxanylmethylacrylat, tert.-Butyltetramethyldisiloxanylethyl(meth)acrylat, Methyldi(trimethylsiloxy)- 
silylpropylglyceryl(meth)acrylat; Pentamethyldisiloxanylmethylmethacrylat; Heptamethylcyclotetrasilox- 
ymethylmethacrylat; Heptamethylcyclotetrasiloxypropylmethacrylat; (Trimethylsilyl)- 

decamethylpentasiloxypropylmethacrylat; und Undecamethylpentasiloxypropylmethacrylat, ist. 

29. Copolymeres nach Anspruch 28, worin das Monomere Tris(trimethylsiloxy)silylpropylmethacrylat ist. 

30. Copolymeres nach Anspruch 1, worin die Komponente (B) 40 bis 80 Gew.-% des Copolymeren 
ausmacht. 

31. Copolymeres nach Anspruch 30, worin die Komponente (B) 50 bis 70 Gew.-% des Copolymeren 
ausmacht. 

32. Copolymeres nach Anspruch 1, worin die Komponent (C) ein Monom res, ausg wShlt aus der 
Gruppe, besteh nd aus M thylacrylat, Ethylacrylat, n- und Isopropylacrylat, Cyclohexylacrylat, Trime- 
thylcyclohexylacrylat, Phenylacrylat, B nzylacrylat und den entsprech nden M thacrylat n; Furfuryl- 
acrylat und -m thacrylat; M thoxyethyl-, Ethoxy thyl- und Ethoxyethoxyethylacrylat und -methacrylat; 
2-Hydroxy thylacrylat und -methacrylat; 3-Hydroxypropylacrylat, -m thacrylat und -methacrylamid; 
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Glycidylmethacrylat; N.N-Dimethylacrylamid; N-lsopropylacrylamid; N-Vinylac tamid; N-Vinylpyrrolidon; 
Dimethylaminoethylmethacrylat und -m thacrylamid; Acryl- und Methacrylsaur , Vinylsulfonsaure, Sty- 
rol, 4-Styrolsulfonsaure und 2-Methacrylamido-2-methylpropansulfonsaur und ihren Salzen und Gemi- 
schen davon, ist. 

33. Copolymeres nach Anspnjch 32, worin das Monomere Methoxyethylacrylat und Methoxyethylmethacry- 
lat, Ethoxyethylacrylat und Ethoxyethylmethacrylat; Methylmethacrylat; Methylacrylat, 2-Hydroxyethyl- 
methacrylat; N-Vinylpyrrolidon; N,N-Dimethylacrylamid und Styrol, und Ethoxyethoxyethylacrylat oder 
Gemische davon ist. 

34. Copolymeres nach Anspruch 1, worin die Komponente (C) 5 bis 60 Gew.-% des Copolymeren 
ausmacht 

35. Copolymeres nach Anspruch 34, worin die Komponente (C) 10 bis 50 Gew.-% des Copolymeren 
ausmacht. 

36. Copolymeres nach Anspruch 1, welches in Form einer Kontaktlinse vorliegt. 

37. Copolymeres nach Anspruch 1, worin der Polyether PE ein fluorierter Polyether mit einem Molekularge- 
wicht von 600 bis 5000 der Struktur HO-CH2CF 2 (C2F40)x(CF20)y CF 2 CH2-OH, worin x und y unabhan- 
gig voneinander ganze Zahlen von 6 bis 50 sind, ist. 

3a Copolymeres nach Anspruch 4, worin die Menge der Komponente (C) 0 betragt. 

39. Copolymeres nach Anspruch 4, worin die Komponente (A) 15 bis 30 Gew.-% des Copolymeren betragt. 

40. Copolymeres nach Anspruch 5, worin die Komponente (A) 30 bis 60 Gew.-% des Copolymeren betragt. 

41. Copolymeres nach Anspruch 38, welches in Form einer Kontaktlinse vorliegt. 

42. Verfahren zur Herstellung eines Copolymeren nach Anspruch 1, dadurch gekennzelchnet, daB man in 
an sich bekannter Weise das Monomerengemisch unter Verwendung von Startern, die freie Radikale 
bei Anwendung einer Aktivierungsenergie erzeugen, copolymerisiert. 

4a Verwendung eines Copolymeren nach Anspruch 1 zur Herstellung einer Kontaktlinse. 

44. Kontaktlinse, umfassend ein Copolymeres nach Anspruch 1. 

45. Kontaktlinse, bestehend im wesentlichen aus einem Copolymeren nach Anspruch 1 . 
Patentanspruche fUr folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung eines Copolymeren, das sauerstoffdurchlassig, elastisch, benetzbar, biokom- 
patibel und zur Verwendung in ophthalmologischen Vorrichtungen, wie Kontaktlinsen, geeignet ist, 
welches das Polymerisationsprodukt von 

(A) 10 bis 80 Gew.-% eines Vinyl-telechelen Polyethers oder eines Gemisches daraus, 

(B) 90 bis 20 Gew.-% aus 

(B-1) einem fluorierten, ethylenisch ungesMttigten Monomeren, oder 

(B-2) einem Sillcon-enthaltenden ethylenisch ungesattigten Monomeren oder einem Gemisch aus 
Monomer (B-1) und Monomer (B-2). und 

(C) 0 bis 60 Gew.-% eines ethylenisch ungesattigten Monomeren oder eines Gemisches der 
Monomer n, ausgenommen Monomeres (B-1) oder Monomeres (B-2), umfaBt, dadurch gek nn- 
zeichnet, daB man in an sich bekannter Weise das Monomerengemisch unt r V rwendung von 
Startern, di bei Anwendung iner Aktivi rungs nergie freie Radikal erzeugen, copolymerisiert. 
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2. Verfahren nach Anspruch 1 , worin der Vinyl-telechele Polyether (A) die Form I (A) besitzt: 



_ H 
I 



H H 
I 



H 



Vi(Q)/ -f-<NR2)«-0-(PE)-0-(R2N)a-Y-(NR 2 ) a -0-(PE)-0-(R 2 N),-Q-V (A) 

_ m 



io worin PE ein zahlendurchschnittliches Molekulargewicht (MG) von 8twa 500 bis etwa 10.000 besitzt und 
die Formel 



75 



(CH 2 )„(j:H-0 
R 1 J 



-(CH^CH-Q 



d 



-(CH 2 ) n CH-0 



RJ 



(CH^CH- (PE) 



20 



25 



besitzt, worin n den Wert 1 bis 3 besitzt, 

k, d und p ganze Zahlen von 0 bis 300 sind, und die Summe aus k + d + p 7 bis 300 betragt, 

Ri , FV und Ri " unabhSngig voneinander fUr ein Wasserstoffatom Oder eine Methylgruppe stehen, mit 

der MaBgabe, daB wenn n den Wert 3 hat, Ri , Ri ' und Ri " Wasserstoff bedeuten, 

a den Wert 0 Oder 1 besitzt, 

m eine ganze Zahl von 0 bis 2 ist, 

i den Wert 0 oder 1 besitzt, 

R2 eine lineares oder verzweigtes Alkylen mit 2 bis 4 Kohlenstoffatomen ist, Y 



30 



H H 
I I 
-CN-R-,-NO Oder -C- 
3 i || 

O 



i i 



35 bedeutet, worin R3 eine zweiwertige aliphatische Gruppe mit 2 bis 14 Kohlenstoffatomen, eine 
zweiwertige 5- oder 6-gliedrige cycloaliphatische Gruppe mit 5 bis 15 Kohlenstoffatomen oder eine 
Arylengruppe mit 6 bis 14 Kohlenstoffatomen ist, mit der MaBgabe, daB, wenn Y 



40 



O 
H 

-C- 



45 



ist, a den Wert 1 hat; 

Q ausgewahlt ist aus (gezeigt in Bindung an V): 



50 



1 II 
O 

o 

Q2V= -CN.R 3 -NC-X-R4X r (C) b -V 
H H 0 



5? 
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HO H 
I II 1 

Q.V^-CN-RsOC-V und Q4V = -CN-V V 
II « 
O o 

worin FU ein Alkylen mit 2 bis 4 Kohlenstoffatomen ist, 
Rs ein Alkylen mit 2 bis 10 Kohlenstoffatomen ist t 

R6 ein Arylen Oder ein Alkyl-substituiertes Arylen mit 6 bis 20 Kohlenstoffatomen ist, 
X -0- Oder -NR7- bedeutet, worin R7 ein Alkyl mit 1 bis 5 Kohlenstoffatomen ist, 
Xi -0-, -NH- Oder -NR7- bedeutet, 
b den Wert 0 Oder 1 besitzt, 
V 

-(CH 2 ) C -C=CH 
R 1 R 8 

bedeutet, 

c den Wert 0 oder 1 besitzt, 

Vi die gleiche Bedeutung wie V besitzt, oder fUr H oder R9 steht, wenn I den Wert 0 hat, 

Ra fUr H oder -COOH steht, mit der MaBgabe, dafl, wenn Ra -COOH ist, Ri H, c 0 und Q Q1 bedeutet, 

R 9 ein Alkyl mit 1 bis 18 Kohlenstoffatomen ist; mit der weiteren Maflgabe, dafl, wenn Q Cb ist, a fUr 0 

steht; 

wenn Q Q2, Q 3 oder Q* ist, Ra fUr H steht; 

wenn c 1 bedeutet, b 0 ist, Q Q2 ist und Ri und Ra H bedeuten; und 
wenn V1 R 9 ist, m den Wert 0 hat. 

Verfahren nach Anspruch 2, worin der Polyether PE ein Poly(ethylenoxid) (PEO) mit einem Molekular- 
gewicht von 500 bis 10.000, ein Poly(propylenoxid) (PPO) mit einem Molekulargewicht von 500 bis 
10.000, ein Poly(ethylenoxidcopropylenoxid) mit einer Zufalls- oder Blockcopolymerstruktur in den 
Verhaltnissen von PEO:PPO von 1:30 bis 30:1 mit einem Molekulargewicht von 500 bis 10.000 oder ein 
Poly(tetramethylenoxid) mit einem Molekulargewicht von 500 bis 10.000 ist. 

Verfahren nach Anspruch 3, worin der Polyether PE ein Poly(ethylenoxid) mit einem Molekulargewicht 
von 1000 bis 8000 oder ein Poly(ethylenoxidcopropylenoxid) mit einem Molekulargewicht von 1000 bis 
10.000 ist, und worin a den Wert 1 und R2 

-CH 0 -CH- 
2 I 
CH 3 

bedeutet. 

Verfahren nach Anspruch 3, worin der Polyether ein Poly-(propylenoxid) mit einem Molekulargewicht 
von 1000 bis 8000 ist, a den Wert 1 hat und R2 fUr 

-CH--CH- 
2 \ 
CH 3 

steht. 
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6. Verfahr n nach Anspruch 3, worin QV CbV ist, worin in Q2 Ra ein zweiwertiger Rest ist, erhalt n durch 
Entfernen d r zw i NCO-Gruppen aus einem Diisocyanat, ausg wShlt aus der Gruppe besteh nd aus 
Ethylendiisocyanat, 1 ,2-Diisocyanatopropan, 1,3-Diisocyanatopropan, 1 ,6-Diisocyanatohexan, 1,2-Diiso- 
cyanatocyclohexan, 1 ,3-Diisocyanatocyclohexan, 1 ,4-Diisocyanatobenzol, Bis-(4-isocyanatocyclohexyl)- 
methan, Bis-(4-isocyanatocyclohexenyl)methan, Bi$-(4-isocyanatophenyl)methan, 2,6- und 2,4-Toluoldii- 
socyanat; S.S'-Dichlor-M'-diisocyanatobiphenyl; 1 ,5-Diisocyanatonaphthalin, hydriertem Toluoldiisocy- 
anat; 1-lsocyanatomethyl-5-isocyanato-1,3,3-trimethylcyclohexan ( = Isophorondiisocyanat); 2,2,4-(2,4,4)- 
Trimethylhexan-1 ,6-diisocyanat, 2,2 , -Diisocyanatodiethylfumarat; 1,5-Diisocyanato-1-carboxypentan; 1,2- 
, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- und 2,3-DiisocyanatonaphthaIin; 2,4- und 2,7-Diisocyanato-1- 
methylnaphthalin; 4,4 , -Djisocyanatobiphenyl; 4,4 , -Diisocyanato-3,3 , f -diisocyanato-6(7)-methylnaphthalin; 
4 f 4 , -Diisocyanato-2,2 , -dimethylbiphenyl; Bis-(4-isocyanatophenyl)ethan; und Bis-(4-isocyanatophenyl)- 
ether, und V-(CO) b -Xi-R4-X-der Rest, erhalten durch Entfernen des aktiven Wasserstoffatoms aus einer 
Hydroxyl- oder Aminogruppe einer Verbindung, ausgewahtt aus der Gruppe, bestehend aus 2- 
Hydroxyethylacrylat und -methacrylat, 2- und 3-Hydroxypropylacrylat und -methacrylat; 4-Hydroxybutyl- 
acrylat und -methacrylat; Glycerindimethacrylat; Hydroyethylmaleat und -fumarat; 2-Hydroxyethyl- und 
4-hydroxybutylvinylether; N-tert.-Butylaminoethylmethacrylat, N-(3-Hydroxypropyl)methacrylamid; Vinyl- 
benzylalkohol; und Altylalkohol, ist. 

7. Verfahren nach Anspruch 6, worin das Diisocyanat Isophorondiisocyanat, 2,2,4-(2,4,4)-Trimethylhexan- 
1 ,6-diisocyanat, 2,4-Toluoldiisocyanat Oder 2,6-Toluoldiisocyanat ist, und die den aktiven Wasserstoff 
enthaltende Vinylverbindung 2-Hydroxyethylmethacrylat, 2-Hydroxyethylacrylat oder N-tert-Butylamino- 
ethylmethacrylat ist. 

8. Verfahren nach Anspruch 3, worin QV Q3V ist, und V-COO-R5- der Rest, erhalten durch Entfernen der 
NCO-Gruppe von einer Isocyanatverbindung, ausgewShlt aus der Gruppe, bestehend aus 2-lsocyanato- 
ethylmethacrylat, 2-lsocyanatoethylacrylat, 3-lsocyanatopropylmethacrylat, 1 -Methyl-2-isocyanatoethyl- 
methacrylat, und 1 ,1 -Dimethyl-2-isocyanatoethylacrylat ist. 

9. Verfahren nach Anspruch 8, worin die Isocyanatverbindung 2-lsocyanatoethylmethacrylat ist. 

10. Verfahren nach Anspruch 3, worin QV Q 4 V ist, und V-Re- der Rest, erhalten durch Entfernen der NCO- 
Gruppe aus 2-lsocyanatobutylvinylether, Styrolisocyanat oder m-lsopropenyl-a,a-dimethylbenzylisocy- 
anat, ist. 

11. Verfahren nach Anspruch 10, worin das Isocyanat m-lsopropenyl-a,a-dimethylbenzylisocyanat ist. 

12. Verfahren nach Anspruch 4, worin QV Q3V ist, und V-COO-Ffe- der Rest, erhalten durch Entfernen der 
NCO-Gruppe von einer Isocyanatverbindung, ausgewShlt aus der Gruppe, bestehend aus 2-lsocyanato- 
ethylmethacrylat, 2-lsocyanatoethylacrylat, 3-lsocyanatopropylmethacrylat, 1-Methyl2-isocyanatoethyl- 
methacrylat, und 1,1-Dimethyl-2-isocyanatoethylacrylat, ist. 

1a Verfahren nach Anspruch 4, worin QV Q*V ist, und V-Re- der Rest, erhalten durch Entfernen der NCO- 
Gruppe von 2-lsocyanatobutylvinylether, Styrolisocyanat, oder m-lsopropenyl-a,a-dimethylbenzylisocy- 
anat, ist. 

14. Verfahren nach Anspruch 5, worin QV Q 3 V ist, und V-COO-R5- der Rest, erhalten durch Entfernen der 
NCO-Gruppe von einer Isocyanatverbindung, ausgewShlt aus der Gruppe, bestehend aus 2-lsocyanato- 
ethylmethacrylat, 2-lsocyanatoethylacrylat, 3-lsocyanatopropylmethacrylat, 1-Methyl-2-isocyanatoethyl- 
methacrylat und 1,1-Dimethyl-2-isocyanatoethylacrylat, ist. 

15. Verfahren nach Anspruch 5, worin QV Q*V ist, und V-Rg- der Rest, erhalten durch Entfernen der NCO- 
Grupp aus 2-lsocyanatobutylvinylether, Styrolisocyanat Oder m-lsoprop nyl-a,a-dimethylb nzylisocy- 
anat ist. 

16. Verfahren nach Anspruch 12, worin die Isocyanatverbindung 2-lsocyanatoethylmethacrylat ist. 

17. V rfahr n nach Anspruch 13, worin das Isocyanat m-lsopropenyl-o,a-dimethylbenzylisocyanat ist. 
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18. Verfahren nach Anspruch 14, worin das Isocyanat 2-lsocyanatoethylmethacrylat ist. 

19. Verfahren nach Anspruch 15. worin das Isocyanat m-lsoprop nyl-a.a-dimethylbenzy I isocyanat ist. 

5 20. Verfahren nach Anspruch 2, worin das PE Poly(ethylenoxid), Poly(propylenoxid) oder Polyfethylen- 
copropylenoxid) ist, und QV CfeV, Q 3 V oder CUV ist. 

21. Verfahren nach Anspruch 20, worin QV Q 3 V oder Q*V bedeutet, und a den Wert 1 hat. 

w 22. Verfahren nach Anspruch 1, worin (B-1) ein Fluor-enthaltendes Monomeres ist, das mindestens 3 
Fluoratome enthalt, ausgewahlt aus der Gruppe, bestehend aus Hexafluorisopropylacrylat und -metha- 
crylat, Perfluorcyciohexylacrylat und -methacrylat, Pentafluorstyrol und den Acrylat- oder Methacrylate- 
stern oder Amiden der Formel 

75 

CHy=^-C0X(CH2) r — W— R f (!) 

20 

worin 

R f -(CF 2 ) t CF 2 L oder -(CF 2 CF2) q OCF(CF 3 )2 bedeutet, 

Ri fOr ein Wasserstoffatom oder eine Methylgruppe steht, 

X fur ein Sauerstoffatom oder -NR7- steht, worin R 7 eine Alkylgruppe mit 1-5 Kohlenstoffatomen 
25 bedeutet, 

r eine ganze Zahl von 1-4 ist, 
t eine ganze Zahl von 0-14 ist, 
q eine ganze Zahl von 1-3 ist; 

L fOr ein Wasserstoff- oder ein Fluoratom steht, mit der MaBgabe, daB, wenn t den Wert 0 hat, L fOr ein 
30 Fluoratom steht; und W eine direkte Bindung oder eine zweiwertige Gruppe der Struktur -NR7-CO-; 
-NR 7 S02-(CH 2 ) r -; -NR 7 S0 2 -;-S-(CH 2 ) f -; -NRy-fCHjOrNRySCfe-, oder -NHCO- ist. 

23. Verfahren nach Anspruch 1, worin (B-1) ein fluoriertes Monomeres, ausgewahlt aus der Gruppe, 
bestehend aus Hexafluorisopropylacrylat, Hexafluorisopropylmethacrylat oder eine Verbindung der 

35 Struktur (I), wie in Anspruch 22 definiert, worin W eine direkte Bindung und L ein Ruoratom ist, ist. 

24. Verfahren nach Anspruch 22, worin X ein Sauerstoffatom ist, W eine direkte Bindung ist, R1 ein 
Wasserstoffatom ist, r den Wert 2 besitzt, t den Wert 6 bis 10 besitzt, und L ein Fluoratom ist; oder 
worin r den Wert 1 oder 2 besitzt, t den Wert 1 bis 4 besitzt und L ein Fluoratom ist, oder worin R1 

40 eine Methylgruppe bedeutet, r den Wert 2 besitzt, t den Wert 4 bis 10 besitzt und L ein Fluoratom ist. 

25. Verfahren nach Anspruch 22, worin r den Wert 1 oder 2 besitzt. t den Wert 1 bis 4 besitzt und L ein 
Fluoratom ist. 

45 26. Verfahren nach Anspruch 22, worin R fOr eine Methylgruppe steht, r den Wert 2 besitzt und t den Wert 
4 bis 10 besitzt und L ein Fluoratom bedeutet. 

27. Verfahren nach Anspruch 1 , worin (B-2) ein Silicon-enthaltendes Vinylmonomeres ist, das ein Oligosi- 
loxanylsilylalkylacrylat oder -methacrylat mit 2 bis 10 Siliciumatomen ist. 

50 

28. Verfahren nach Anspruch 27, worin das Monomere aus der Gruppe, bestehend aus Tris- 
(trimethylsiloxy)silylproypl(meth)acrylat, Triph nyldimethyldisiloxanylmethyl(meth)acrylat, P ntamethyl- 
disiloxanylmethylacrylat, tert.-Butylt tram thyldisiloxanylethyl(meth)acrylat, M thyldi(trimethylsiloxy)- 
silylpropylglyc ryl(meth)acrylat; P ntamethyldisiloxanylmethy I methacrylat; Heptam thylcyclotetrasilox- 

55 ymethylmethacrylat; Heptamethylcyclotetrasiloxypropylmethacrylat; (Trimethylsilyl)- 

decamethylpentasiloxypropylmethacrylat; und Undecamethylpentasiloxypropylmethacrylat, ist. 

29. Verfahren nach Anspruch 28, worin das Monomere Tris(trimethylsiloxy)silylpropylm thacrylat ist. 
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30. V rfahren nach Anspruch 1, worin di Kompon nte (B) 40 bis 80 G w.-% des Copolymeren ausmacht. 

31. Verfahren nach Anspruch 30, worin di Komponente (B) 50 bis 70 Gew.-% des Copolymer n ausmacht. 

32. Verfahren nach Anspruch 1, worin die Komponente (C) ein Monomeres, ausgewahK aus der Gruppe, 
bestehend aus Methylacrylat, Ethylacrylat, n- und Isopropylacrylat, Cyclohexylacrylat, Trimethylcycloh- 
exylacrylat, Phenylacrylat, Benzylacrylat und den entsprechenden Methacrylaten; Furfurylacryiat und 
-methacrylat; Methoxyethyl-, Ethoxyethyl- und Ethoxyethoxyethylacrylat und -methacrylat; 2-Hydroxy- 
ethylacrylat und -methacrylat; 3-Hydroxypropylacrylat, -methacrylat und -methacrylamid; Glycirlylme- 
thacrylat; N,N-Dimethylacrylamid; Nlsopropylacrylamid; N-Vinylacetamid; N-Vinylpyrrolidon; Dimethyla- 
minoethylmethacrylat und -methacrylamid; Acryl- und Methacrylsaure, Vinylsulfonsaure, Styrol, 4- 
Styrolsulfonsaure und 2-Methacrylamido-2-methylpropansulfonsaure und ihren Salzen und Gemischen 
davon, ist 

33. Verfahren nach Anspruch 32, worin das Monomers Methoxyethylacrylat und Methoxyethy (methacrylat, 
Ethoxyethylacrylat und Ethoxyethylmethacrylat; Methy (methacrylat; Methylacrylat, 2-Hydroxyethylme- 
thacrylat; N-Vinylpyrrolidon; N,N-Dimethylacrylamid und Styrol, und Ethoxyethoxyethylacrylat oder 
Gemische davon ist. 

34. Verfahren nach Anspruch 1 , worin die Komponente (C) 5 bis 60 Gew.-% des Copolymeren ausmacht. 

35. Verfahren nach Anspruch 34, worin die Komponente (C) 10 bis 50 Gew.-% des Copolymeren 
ausmacht. 

36. Verfahren nach Anspruch 1 , zur Herstellung einer Kontaktlinse. 

37. Verfahren nach Anspruch 1 , worin der Polyether PE ein fluorierter Polyether mit einem Molekularge- 
wicht von 600 bis 5000 der Struktur HO-CH 2 CF 2 (C 2 F40) x (CF20) y -CF2CH2-OH, worin x und y unabhSn- 
gig voneinander ganze Zahlen von 6 bis 50 sind, ist. 

3a Verfahren nach Anspruch 4, worin die Menge der Komponente (C) 0 betragt. 

39. Verfahren nach Anspruch 4, worin die Komponente (A) 15 bis 30 Gew.-% des Copolymeren betragt. 

40. Verfahren nach Anspruch 5, worin die Komponente (A) 30 bis 60 Gew.-% des Copolymeren betragt. 

41. Verfahren nach Anspruch 38 zur Herstellung einer Kontaktlinse. 

42. Verwendung eines Copolymeren nach Anspruch 1 zur Herstellung einer Kontaktlinse. 

43. Kontaktlinse, umfassend ein Copolymeres nach Anspruch 1 . 

44. Kontaktlinse, bestehend im wesentlichen aus einem Copolymeren nach Anspruch 1 . 
Revendications 

Revendicatlons pour les Etats contractants sulvants : AT, BE, CH, U, DE, DK, FR, GB, GR, IT, LU, 
NL, SE 

1. Copolymere qui est permeable a I'oxygene, souple, mouillable, biocompatible et convenant a une 
utilisation dans des dispositifs ophtalmiques, tels que des lentilles de contact, ce copolymere compre- 
nant le produit de polymerisation de 

(A) 10 a 80 % en poids d'un polyether t£l6cheliqu vinylique, ou un melange d celui-ci, 

(B) 90 a 20 % en poids d 

(B-1) un monomer ethyl^niquem nt insature" fluore\ ou 

(B-2) un monomere ethyteniquement insature* cont nant du silicone, ou un melange de monomer 
(B-1) etde monomer (B-2), t 

(C) 0 a 60 % en poids d'un monomere 6thyl6niquement insature* ou d'un melange de monomeres 
autr s que le monomere (B-1) ou le monomere (B-2). 
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2. Copolymers selon la r v ndication 1 , dans I qu Me polyether telecheliqu d vinyl (A) a la formula 
(A): 



. ..V,(Q), 



r H 

I I 

NR 2 ) l -0-(PE)-0-(R 2 N) a -Y 



H -, H H 

I 

-(NR 2 )-0-(PE)-0-(R 2 N) r Q-V (A) 

'if 



70 



75 r- 



dans laquelle PE a un poids moleculaire moyen (PM) d'environ 500 a environ 10 000 et a la formula : 



(CH^H-O 



-(CH 2 ) n CH-0 



-<CH 2 ) n CH-0 
R',' - 



-(CH^CH- (PE) 



20 



25 



30 



dans laquelle n est compris entre 1 et 3, 

k, d et p sont des nombres entiers de 0 a 300, et la somme k + d + p est comprise entre 7 et 300,' 

Ri, FV et Ri" sont ind^pendamment les uns des autres des hydrogene ou des m€thyles, a la 

condition que si n est egal a 3, Ri , 

Ri 1 et Ri " sont des hydrogene, 

aestzeVooul, 

m est un nombre entier de zeVo a 2, 
I est z6ro ou 1 

R2 est un alkylene lineaire ou ramifie avec 2 a 4 atomes de carbone ; 
Vest 



35 



H H 
I I 
-CN-R3-NC- or-C-, 
II 3 II II 

6 00 



dans leque) Ra est un groupe aliphatique divalent avec 2 a 14 atomes de carbone, un groupe 
40 cycloaliphatique divalent a 5 ou 6 membres avec 5 a 15 atomes de C, ou un groupe arylene avec 6 a 
14 atomes de C, a la condition que si Y est 
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•1 



50 



a est egal a 1 ; 

Q est choisi parmi (present^ attache a V) 
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Q,Y= -C-V 
II 
O 



9 fl 



Q 2 V= -CN-R3-NC-X-R4X r (C) b -V 
| | II 
H H O 

H O 
I II 
Q 3 V - -CN-R 5 OC-V et 

O 

H 

CUV = -CN-R 6 -V 



dans lesquels FU est un alkylfcne de 2 a 4 atomes de carbone, 
Rs est un alkyl&ne de 2 a 10 atomes de carbone, 

Rs est un arylene ou un aryfene de 6 a 20 atomes de carbone substitu£ par des alkytes, 

X est -O- ou -NR7-, dans lequel R7 est un alkyle de 1 a 5 atomes de carbone, 

* est -0-, -NH- ou -NR7-, 

b est egal a z6ro ou 1 

Vest 

-(CH 2 ) C -C=CH 
R t R 8 



c est 6gal a z6ro ou 1 . 

Vt a la meme signification que V, ou est H ou Ra t quand I est 6gal a z£ro, 

Rs est H ou -COOH, a la condition que, si Rs est -COOH, R1 est H, c est 6gal a z§ro, et Q est Q1 ; 

Rs est un alkyle de 1 a 18 atomes de carbone ; 

avec la condition suppl£mentaire que 

quand Q est Q2, a est §gal a z6ro ; 

quand Q est Q2, Q3 ou CU, Rs est H ; 

quand c est £gal a 1 , b est §gal a 0, Q est Q2 et R1 et Rs sont H ; et 
quand V1 est Ra, m est 6gal a zgro. 



3. Copolymere selon la revendication 2, dans lequel le poly6ther PE est un poly(oxyde d'ethyl&ne) (PEO) 
de PM 500 a 10 000, un poly(oxyde propylene) (PPO) de PM 500 a 10 000, un poly(oxyde d'&hylene- 
co-oxyde de propylene) de structure copolymere au hasard ou bloc dans les rapports de PEO:PPO de 
1:30 a 30:1 et de PM 500 a 10 000 ou un poly(oxyde de tetramethylene) de PM 500 a 10 000. 



4. Copolymere selon la revendication 3, dans lequel le poly&her PE est un poly(oxyde d'ethylene) de PM 
1000 a 8000, ou un poly(oxyde d'&hylfcne-co-oxyde de propylene) de PM 1000 a 10 000 et dans 
lequel a est 6gal a 1 et R2 est 

-CH2-CH-. 

i 

CH 3 
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5. Un copolymer s Ion la r vendication 3, dans lequ I le po!y£ther st un poly(oxyde de propylen ) de 
PM 1000 a 8000, a est egal a 1 et Ffe est 

-CH2-CH-. 



6. Copolymere selon la revendication 3, dans lequel QV est QV 2 , dans lequel Q2R3 est un radical divalent 
obtenu en eiiminant les deux groupes -NCO d'un diisocyanate choisi dans le groupe constitue de 
diisocyanate d'e*thylene, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanatopropane, 1 ,6-diisocyanatohexane, 
1,2-diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 1 ,4-diisocyanatobenzene, bis(4-isocyanato- 
cyclohexyl)methane, bis(4-isocyanatocyclohex6nyl)m6thane, bis(4-isocyanatoph6nyl)rne*thane l diisocya- 
nate de 2,6- et 2,4-toluene, 3,3'-dichloro-4,4'-diisocyanatobiphenyle ; 1 ,5-diisocyanatonaphtalene, diiso- 
cyanate de toluene hydrogSne ; 1-isocyanatom6thyl-5-isocyanato-1,3,3-trim§thylcyclohexane (= diiso- 
cyanate d'isophorone) ; 2,2,4-(2,4,4)-trimethylhexane-1 ,6-di isocyanate, fumarate de 2,2'-diisocyanatodie- 
thyle ; 1,5-diisocyanato-1-carboxypentane ; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- et 2,3-diisocyanatonaphtalene 
; 2,4- et 2,7-diisocyanato-1-m6thylnaphtalene ; 4,4 , -diisocyanatobiph§nyle ; 4,4'-diisocyanato-3,3*-diiso- 
cyanato-6(7)-methylnaphtaiene ; 4 i 4*-diisocyanato-2,2'-dim6thylbiphenyle ; bis-(4-isocyanatophenyl)- 
ethane ; et bis(4-isocyanatoph§nyl)gther, et V-(CO) b -Xi-R4-X- est le radical obtenu en eiiminant I'atome 
d'hydrogene actif d'un groupe hydroxyle ou amino d'un compose* choisi dans le groupe constitue* 
d'acrylate et methacrylate de 2-hydroxyethyle, acrylate et methacrylate de 2- et 3-hydroxypropyle ; 
acrylate et methacrylate de 4-hydroxybutyle; dim^thacrylate de glycerol ; maieate et fumarate d'hy- 
droxyethyle, ether vinylique de 2-hydroxyethyle et 4-hydroxy-butyle ; methacrylate de N- 
tert.butylaminoethyle, N-(3-hydroxypropyl)-methacrylamide ; alcool vinylbenzylique ; et alcool allylique. 

7. Copolymere selon la revendication 6, dans lequel le diisocyanate est le diisocyanate d'isophorone, le 
2,24-(2,4 I 4)-trimethylhexane-1,6-diisocyanate, le diisocyanate de 2,4-toluene ou le diisocyanate de 2,6- 
toluene, et le compose* vinylique contenant I'hydrogene actif est le methacrylate de 2-hydroxyethyle, 
I'acrylate de 2-hydroxyethyle ou le methacrylate de N-tert.butylamino6thyle. 

a Copolymere selon la revendication 3, dans lequel QV est Q 3 V et V-COO-R5- est le radical obtenu en 
eiiminant le groupe -NCO d'un compose isocyanate choisi parmi le groupe constitue de methacrylate 
de 2-isocyanatoethyle, acrylate de 2-isocyanatoethyle, methacrylate de 3-isocyanatopropyle, methacry- 
late de 1-m£thyl-2-isocyanato6thyle, et acrylate de 1,1-dimethyl-2-isocyanatoethyle. 

9. Copolymere selon la revendication 8, dans lequel le compose isocyanate est le methacrylate de 2- 
isocyanato€thyle. 

10. Copolymere selon la revendication 3, dans lequel QV est Q4V et V-Re- est le radical obtenu en 
eiiminant le groupe -NCO d'un ether vinylique de 2-isocyanatobutyle, d'un isocyanate de styrene, ou 
d'un isocyanate de m -isopropenyl-alpha,alpha-di methyl ben zy I e. 

11. Copolymere selon la revendication 10, dans lequel I'isocyanate est I'isocyanate de m-isopropenyl- 
alpha.alpha-dimethylbenzyle. 

12. Copolymere selon la revendication 4, dans lequel QV est Q 3 V et V-COO-Rs- est le radical obtenu en 
eiiminant le groupe -NCO d'un compose isocyanate choisi parmi le groupe constitue de methacrylate 
de 2-isocyanatoethyle, acrylate de 2-isocyanatoethyle, methacrylate de 3-isocyanatopropyle, methacry- 
late de 1-methyl-2-isocyanatoethyl , et acrylate d 1,1-dimethyl-2-isocyanatoethyl . 

13. Copolymere selon la revendication 4, dans lequel QV st Q*V t V-Rg- st le radical obt nu en 
eiiminant le groupe -NCO d'un eth r vinyliqu de 2-isocyanatobutyle, d'un isocyanat de styren , ou 
d'un isocyanat d m-isopropenyl-alpha.alpha-dimethylb nzyle. 
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14. Copolymer© selon la revendication 5, dans lequel QV est CbV et V-COO-FV est I radical obtenu en 
Sliminant le groupe -NCO d ? un compose isocyanate choisi parmi I groupe constituS d m&hacrylate 
de 2-isocyanato6thyle. acrylate de 2-isocyanato6thyl , m&hacrylate d 3-isocyanatopropyle, m6thacry- 
late de 1-methyl-2-isocyanato6thyle, et acrylate de 1,1-dim6thyl-2-isocyanato6thyle. 

15. Copolymfcre selon la revendication 5, dans lequel QV est CUV et V-Re- est le radical obtenu en 
eliminant le groupe -NCO d'un ether vinylique de 2-isocyanatobutyle, d'un isocyanate de styrene, ou 
d'un isocyanate de m-isoprop^nyl-alpha,alpha-dim6thylbenzyle. . 

16. Copolymdre selon la revendication 12, dans lequel le compost isocyanate est le m&hacrylate de 2- 
isocyanato6thyle. 

17. Copolymere selon la revendication 13, dans lequel I'isocyanate est I'isocyanate de m-isoprop6nyl- 
alpha,alpha-dim£thylbenzyle. 

18. Copolym&re selon la revendication 14, dans lequel le compost isocyanate est le m&hacrylate de 2- 
isocyanatoethyle. 

19. Copolymere selon la revendication 15, dans lequel I'isocyanate est I'isocyanate de m-isoprop€nyl- 
alpha.alpha-dimdthylbenzyle. 

20. Copolymere selon la revendication 2, dans lequel PE est du poly(oxyde d^thylfcne), poly(oxyde de 
propylene) ou poly(oxyde d'6thyfene-co-oxyde de propylene) et QV est CfeV, CbV ou Q4V. 

21. Copolymere selon la revendication 20, dans lequel QV est Q3V ou Q4V et a est 6gal & 1. 

22. Copolymere selon la revendication 1, dans lequel (B-1) est un monomfcre contenant du fluor contenant 
au moins trois atomes de fluor, choisi dans le groupe constituS de d'acrylate et de mSthacrylate 
d'hexafluoroisopropyle, d'acrylate et de m&hacrylate de perfluorocyclohexyle, de pentafluorostyrene et 
des esters ou amides d'acrylate ou de methacrylate de formule 

CH2=C-COX(CH2) r W-Rf 

i (i) 

Rl 

dans laquelle 

R, est -(CF 2 ) t CF 2 L ou -(CF^F^OCFfCFak, 
Ri est un hydrog&ne ou un m§thyle, 

X est un oxyg^ne ou -NR7- dans lequel R7 est un groupe alkyle avec 1 a 5 atomes de carbone, 
r est un nombre entier de 1 & 4, 
t est un nombre entier de 0 & 1 4, 
q est un nombre entier de 1 & 3 ; 

L est un hydrogene ou un fluor, & la condition que, quand t est 6gal & 0, L est un fluor ; et 

W est une liaison directe ou un groupe divalent de structure -NR7-CO- ; -NR 7 S0 2 -(CH2) r - ; -NR7SO2- ; 

-S-(CH 2 ) r - ; -NR 7 -(CH 2 ) r -NR7S02- ; ou -NHCO-. 

23. Copolymers selon la revendication 1, dans lequel (8-1) est un monomere fluore choisi dans le groupe 
constituS d'acrylate d'hexafluoroisopropyle, de methacrylate d'hexafluoroisopropyle ou un compose de 
structure (I), comme defini dans la revendication 22, dans lequel W est une liaison directe et L est un 
fluor. 

24. Copolymere s Ion la revendication 22, dans lequel X est un oxygen , W est une liaison dir cte, Ri st 
un hydrogdne, r st 6gal & 2, t st compris ntr 6et10etL st un fluor ; ou dans lequel r stggala 
1 ou 2, t st compris entre 1 et 4 t L st un fluor, ou dans I squ Is Ri st un m£thyle, r est 6gal & 2, t 
est compris entr 4 1 10 t L est un fluor. 
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25. Copolymere selon la revendication 22, dans lequel r est 6gal h 1 ou 2, t est compris entre 1 t 4 et L 
est un fluor. 

26. Copolymers selon la revendication 22, dans lequel R est un methyle, r est 6gai a 2, et t est compris 
entre 4 et 10 et L est un fluor. 

27. Copolymere selon la revendication 1, dans lequel (B-2) est un monomere vinylique contenant du 
silicone qui est un acrylate ou ur. methacrylate d'oligosiloxanyl-silyl-alkyle contenant de 2 a 10 atomes 
de silicium. 

28. Copolymere seion la revendication 27, dans lequel le monomere est choisi dans le groupe constitue* de 
(meth)acrylate de tris(trim§thylsiloxy)-silylpropyle, (meth)acrylate de triphenyldimethyl-disiloxanylmethy- 
le, acrylate de pentam§thyldisiloxanylm6thyle f (meth)acrylate de tert-butyltetramethyldisiloxanyiethyle, 
(meth)acrylate de methyldi(trim^thylsiloxy)silylpropyle-glyceryle ; methacrylate de pentamethyldi-siloxa- 
nyl-methyle, methacrylate d'heptamethylcyclotetra-siloxym^thyle, methacrylate d'heptamethylcyclote- 
trasiloxy-propyle ; methacrylate de (trimethylsilyl)decamethyl-pentasiloxy-propyle ; et methacrylate de 
undecamethylpentasiloxypropyle. 

29. Copolymere selon la revendication 28, dans lequel le monomere est le methacrylate de tris- 
(trimethylsiloxy)-silyl-propyle. 

30. Copolymere selon la revendication 1, dans lequel le composant (B) constitue 40 a 80 % en poids dudit 
copolymere. 

31. Copolymere selon la revendication 30, dans lequel le composant (B) constitue 50 h 70 % en poids 
dudit copolymere. 

32. Copolymere selon la revendication 1 , dans lequel le composant (C) est choisi dans le groupe constitue 
d'acrylate de methyle, acrylate d'ethyle, acrylate de n- et isopropyle, acrylate de cyclohexyle, acrylate 
de trimethyl-cyclohexyle, acrylate de phenyle, acrylate de benzyle et les methacrylates correspondants 
; acrylate et methacrylate de furfuryle ; acrylate et methacrylate de methoxy-ethyh d'ethoxy-ethyl-, et 
d'ethoxy-ethoxy-ethyle ; acrylate et methacrylate de 2-hydroxyethyle ; acrylate, methacrylate et 
methylacrylamide de 3-hydroxypropyle ; methacrylate de glycidyle ; N.N-dimethylacrylamide ; N- 
isopropyl-acrylamide ; N-vinylacetamide ; N-vinyl-pyrrolidone ; methacrylate et methylacrylamide de 
dimethylamino-ethyle ; acide acrylique et methacrylique, acide vinylsulfonique, styrene, acide 4- 
styr5ne-sulfonique et acide 2-methacrylamido-2-methyl-propane-sulfonique et leurs sels, et de melan- 
ges de ceux-cL 

33. Copolymere selon la revendication 32, dans lequel le monomere est Pacrylate de methoxy-ethyle et le 
methacrylate de methoxyethyle, Tacrylate d'ethoxy-ethyle et le methacrylate d'ethoxy-ethyle ; le 
methacrylate de methyle ; I'acrylate de methyle, le methacrylate de 2-hydroxyethyle ; la N-vinylpyrroli- 
done ; le N.N-dimethylacrylamide et le styrene et Tacrylate d'ethoxy-ethoxy-ethyle ou des melanges de 
ceux-ci. 

34. Copolymere selon la revendication 1 , dans lequel le composant (C) est compris entre 5 et 60 % en 
poids dudit copolymere. 

35. Copolymere selon la revendication 34, dans lequel le composant (C) est compris entre 10 et 50 % en 
poids dudit copolymere. 

36. Copolymere selon la revendication 1 , qui a la forme d'une lentille de contact. 

37. Copolymere selon la r vendication 1 , dans lequel le polyether PE est un polydther fluore de PM 600 a 
5000 de structure HO-CH 2 CF 2 (C^F4 0MCF20)yCF2CH2-OH, dans lequel x et y sont independamment 
Tun de I'autre des nombr s enti rs d 6 a 50. 

38. Copolymer selon la rev ndication 4, dans lequ I la quantite de composant (C) est egale a zero. 



44 



EP 0 406 161 B1 



10 



39. Copolymere solon la revendication 4, dans lequel le composant (A) est compris entre 15 et 30 % en 
poids dudit copolymere. 

40. Copolymere selon la revendication 5, dans lequel le composant (A) est compris entre 30 et 60 % en 
poids dudit copolymere. 

41. Copolymere selon la revendication 38, qui a la forme d'une lentille de contact. 

'it 

42. Proc£d£ pour la fabrication d'un copolymers selon la revendication 1 , caract6ris6 par la copolym^risa- 
tion conventionnelle du melange de monomeres en employant des initiateurs qui g^nferent des radicaux 
libres apr§s application d'une 6nergie d'activation. 



43. Utilisation d'un copolymere selon la revendication 1 pour la fabrication de lentilles de contact. 
15 44. Lentille de contact constitute d'un copolymere tel que dtfini dans la revendication 1. 

45. Lentille de contact constitute essentiellement d'un copolymere tel que dtfini dans la revendication 1. 
Revendications pour I'Etat contractant suivant : ES 



20 



25 



30 



35 



40 



1. Precede pour la fabrication d'un copolymere qui est permeable a Poxygene, souple, mouillable, 
biocompatible et convient k une utilisation dans des dispositifs ophtalmiques, tels que des lentilles de 
contact, ce copolymere comprenant le produit de polymerisation de 

(A) 10 k 80 % en poids d'un polytther t£l£ch£lique vinylique, ou un melange de celui-ci, 

(B) 90 k 20 % en poids de 

(B-1) un monomere ethyteniquement insaturt fluort, ou 

(B-2) un monomere 6thyl£niquement insature contenant du silicone, ou un melange de monomere 
(B-1) et de monomere (B-2), et 

(C) 0 a 60 % en poids d'un monomere tthyleniquement insaturt ou d'un melange de monomeres 
autres que le monomere (B-1) ou le monomere (B-2), 

caracttrise par la copolymtrisation conventionnelle du melange de monomeres en employant des 
initiateurs qui gtnerent des radicaux libres apres application d'une tnergie d'activation. 

2. Proctde selon la revendication 1, dans lequel le polytther teitcheiique vinylique (A) a la formule (A) : 



r H 



H 
I 



H 



H 
I 



Y| (Q); - -(NR2)a-0-(PE)-0-(R 2 N) a -Y -(NR 2 ) a -0-(PE)-0-(R 2 N) a -Q-V (A) 



Jm 



dans laquelle PE a un poids moltculaire moyen (PM) d'environ 500 k environ 10 000 et a la formule : 



— (CH 2 ) n (j:H-0 
Ri J 



50 



^CH 2 ) n CH-D 

ri jp 



(CH 2 ) n CH- (PE) 
Ri 



dans laqu II n st compris entr 1 t 3, 

k, d et p sont des nombres ntiers de 0 k 300, et la somm k + d + p est compris ntr 7 t 300, 
55 Ri, Rr et Ri" sont independamment les uns des autres des d'hydrogen ou des m^thyles, k la 
condition que si n est £gal k 3, Ri , Ri ' et Ri " sont des hydrogen , 
a est z6ro ou 1 , 

m est un nombr entier d z6ro k 2, 
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I est zero ou 1 

R2 st un alkylene lineaire ou ramifie avec 244 atomes de carbone ; 
Yest 

H H 
I I 
-CN-R3-NC-01--C-. 

* o & & .;; 

dans lequel R3 est un groupe aliphatique divalent avec 2 a 14 atomes de carbone, un groupe 
cycloaliphatique divalent a 5 ou 6 membres avec 5 a 15 atomes de C, ou un groupe arylene avec 6 a 
14 atomes de C, a la condition que si Y est 

? 

-C- , 



a est egal a 1 ; 

Q est choisLparmi (pre'sente' attache" a V) 



QiV 



QaV 



Q3V 



Q4V 



dans lesquels R* est un alkylene de 2 a 4 atomes de carbone, 
Rs est un alkylene de 2 a 10 atomes de carbone, 

Rg est un arylene ou un arylene de 6 a 20 atomes de carbone substitue par des alkyles, 

X est -O- ou -NR 7 - t dans lequel R7 est un alkyle de 1 a 5 atomes de carbone, 

XI est-O-, -NH- ou -NR7-, 
b est 6ga\ a z^ro ou 1 
Vest 

-(CH 2 ) C -C=CH 

c st 6gal a z^ro ou 1 

Vi a la meme signification que V, ou est HouRa, quand I est egal & zero. 



-C-V 
II 
O 



5? 



-CN-R 3 -NC-X-R 4 X r (C) b -V 
H H O 



H 
I 



O 
II 



-CN-R 5 OC-V et 



H 
I 

II ^ 
O 
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Ra st H ou -COOH, a la condition qu , si Rs st -COOH, Ri est H, c est 6ga\ a z§ro, et Q st Qi ; 
Rs st un alkyle de 1 a 18 atomes d carbon ; 

avec la condition supplemental que quand Q est Q2, a est £gal a zSro ; 
quand Q est Cfe, Q3 ou CU, Rs est H ; 

quand c est £gal a 1 , b est egal a 0, Q est Cb et R1 et Rs sont H ; et 
quand V1 est Rs. m est egal a zero. 

Proc6d6 selon la revendication 2, dans lequel le poly&her PE est un poly(oxyde d'6thyl§ne) (PEG) de 
PM 500 a 10 000, un poly(oxyde propylene) (PPO) de PM 500 a 10 000, un poly(oxyde d'6thyl£he-co- 
oxyde de propylene) de structure copolym&re au hasard ou bloc dans les rapports de PEO:PPO de 
1:30 a 30:1 et de PM 500 a 10 000 ou un poly(oxyde de tStram&hytene) de PM 500 a 10 000. 

Proc4d6 selon la revendication 3, dans lequel le poly£ther PE est un poly(oxyde d'4thyl§ne) de PM 
1000 a 8000, ou un poly(oxyde d'6thylene-co-oxyde de propylene) de PM 1000 a 10 000 et dans 
lequel a est 6gal a 1 et R 2 est 

-CH2-CH-. 
I 

CH3 



Procede selon la revendication 3, dans lequel le polyether est un poly(oxyde de propylene) de PM 
1000 a 8000, a est egal a 1 et R? est 

-CH2-CH-. 
I 

CH 3 



Proc£d§ selon la revendication 3, dans lequel QV est QV 2 , dans lequel Q2R3 est un radical divalent 
obtenu en Sliminant les deux groupes -NCO d'un diisocyanate choisi dans le groupe constitu^ de 
diisocyanate d'Sthyfene, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanatopropane, 1,6-diisocyanatohexane, 
1 ,2-diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 1 ,4-diisocyanatobenzfcne. bis(4-isocyanato- 
cyclohexyl)methane, bis(4-isocyanatocyclohex£nyl)methane, bis(4-isocyanatophenyl)m6thane, diisocya- 
nate de 2,6- et 2,4-toluene, 3,3*-dichloro-4,4'-diisocyanatobiph6nyle ; 1 ,5-diisocyanatonaphtaI§ne, diiso- 
cyanate de toluene hydrogen^ ; 1-isocyanatom^thyl-5-isocyanato-1,3 f 3-trim^thylcyclohexane (= diiso- 
cyanate d'isophorone) ; 2,2,4-(2,4,4)-trim6thylhexane-1,6-diisocyanate, fumarate de 2,2'-diisocyanatodi6- 
thyle ; 1,5-diisocyanato-1-carboxypentane ; 1,2-, 1,3-, 1,6-, 1.7-, 1,8-, 2,7- et 2,3-diisocyanatonaphtalene 
; 2,4- et 2,7-diisocyanato-1-m6thylnaphtalene ; 4,4'-diisocyanatobiphenyle ; 4,4'-diisocyanato-3,3'-diiso- 
cyanato-6(7)-methylnaphtalene ; 4 f 4'-diisocyanato-2 f 2'-dimethylbiphenyle ; bis-(4-isocyanatophenyl)- 
Sthane ; et bis(4-isocyanatoph6nyl)ether, et V-(CO) b -Xi-R4-X- est le radical obtenu en eliminant I'atome 
d'hydrogene actif d'un groupe hydroxyle ou amino d'un compose choisi dans le groupe constituS 
d'acrylate et m&hacrylate de 2-hydroxy6thyle, acrylate et m&hacrylate de 2- et 3-hydroxypropyle ; 
acrylate et m£thacrylate de 4-hydroxybutyle; dim^thacrylate de glycerol ; mateate et fumarate d'hy- 
droxy&hyle, ether vinylique de 2-hydroxy^thyle et 4-hydroxy-butyle ; m^thacrylate de N- 
tertbutylaminoSthyle, N-(3-hydroxypropyl)-m£thacrylamide ; alcool vinylbenzylique ; et alcool allylique. 

Procede s Ion la rev ndication 6, dans I qu 1 1 diis cyan ate est I diisocyanate d'isophoron , I 2,24- 
(2,4,4)-trim^thylhexane-1,6-diisocyanate, le diisocyanate de 2,4-toluene ou le diisocyanate d 2,6- 
tolufcn , t le compost vinylique cont nant l'hydrog£n actif est I m&hacrylate d 2-hydroxy£thyl , 
Tacrylate de 2-hydroxy§thyle ou le m&hacrylat d N-tert.butylamino6thyle. 

Proc£d£ selon la r v ndication 3, dans lequel QV st CfoV t V-COO-Rs- est le radical obtenu en 
Sliminant le groupe -NCO d'un compost isocyanate choisi parmi le group constituS d m&hacrylat 
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de 2-isocyanato6thyle, acrylate de 2-isocyanato6thyle, m&hacrylat de 3-isocyanatopropyl , m&hacry- 
late de 1-m6thyl-2-isocyanato6thyl , t acrylate de 1,1-dim6thyl-2-isocyanato6thyie. 

9. Procede selon la revendication 8, dans lequel le compose isocyanate est le mgthacrylate de 2- 
isocyanatoethyle. 

10. Procede* selon la revendication 3, dans lequel QV est Q* V et V-FV est le radical obtenu en Eliminant le 
groupe -NCO> d'un §ther vinylique de 2-isocyanatobutyle, d'un isocyanate de styrene, ou d'un 
isocyanate de.vm-isoprop^nyl-alpha.alpha-dim^thylbenzyle. ? 

11. Proc£d6 selon la revendication 10, dans lequel I'isocyanate est I'isocyanate de m-isoprop£nyl-al- 
pha,alpha-dim6thylbenzyle. 

12. ProcSde* selon la revendication 4, dans lequel QV est QaV et V-COO-R5- est le radical obtenu en 
eliminant le groupe -NCO d'un compose" isocyanate choisi parmi le groupe constitue* de m£thacrylate 
de 2-isocyanatoethyle, acrylate de 2-isocyanatoethyle, me*thacrylate de 3-isocyanatopropyle, m&hacry- 
late de 1-m6thyl-2-isocyanato£thyle, et acrylate de 1,1-dim&hyl-2-isocyanatoethy!e. 

13. Procede* selon la revendication 4, dans lequel QV est Q*V et V-FV est le radical obtenu en eMiminant le 
groupe -NCO d'un 6ther vinylique de 2-isocyanatobutyle, d'un isocyanate de styrene, ou d'un 
isocyanate de m-isoprop^nyl-alpha.alpha-dimethylbenzyle. 

14. ProcSde* selon la revendication 5, dans lequel QV est Q 3 V et V-COOFI5- est le radical obtenu en 
eliminant le groupe -NCO d'un compose isocyanate choisi parmi le groupe constitue* de mSthacrylate 
de 2-isocyanato£thyle, acrylate de 2-isocyanato£thyle, m&hacrylate de 3-isocyanatopropyle, rnethacry- 
late de 1 -m&hyl-2-isocyanato£thyle, et acrylate de 1,1-dim&hyl-2-isocyanato6thyle. 

15. Procede* selon la revendication 5, dans lequel QV est Q*V et V-fV est le radical obtenu en eliminant le 
groupe -NCO d'un 6ther vinylique de 2-isocyanatobutyle, d'un isocyanate de styrene, ou d'un 
isocyanate de m-isoprope^yl-alpha,alpha-dimethylbenzyle. 

16. Proc§de* selon la revendication 12, dans lequel le compose* isocyanate est le mSthacrylate de 2- 
isocyanato&hyle. 

17. Procede selon la revendication 13, dans lequel I'isocyanate est I'isocyanate de m-isoprop€nyl-al- 
pha.alpha-dimSthylbenzyle. 

18. ProcSde* selon la revendication 14, dans lequel le compose* isocyanate est le mSthacrylate de 2- 
isocyanatoethyle. 

19. Procede* selon la revendication 15, dans lequel I'isocyanate est I'isocyanate de m-isoprop§nyl-al- 
pha,alpha-dim6thylbenzyle. 

20. Procede selon la revendication 2, dans lequel PE est du poly(oxyde d'&hylene), poly(oxyde de 
propylene) ou poly(oxyde d'ethylene-co-oxyde de propylene) et QV est CfeV, Q 3 V ou Q4V. 

21. Procede* selon la revendication 20, dans lequel QV est CbV, Q 3 V ou CUV et a est egaJ h 1. 

22. Procede* selon la revendication 1, dans lequel (B-1) est un monomere contenant du fluor contenant au 
rnoins trois atomes de fluor, choisi dans le groupe constitue* de d'acrylate et de m£thacrylate 
d'hexafluoroisopropyle, d'acrylate et de m&hacrylate de perfluorocyclohexyle, de pentafluorostyrene et 
des sters ou amid s d'acrylat ou de m€thacrylate de formul 

CH2=C-COX(CH2)r-W-Rf 



Rl 



48 



EP 0 406 161 B1 



dans laquelle 

R, est -(CF 2 ) t CF 2 L ou -<CF 2 CF 2 ) q OCF(CF3)2,> 
Ri est un hydrogen ou un methyle, 

X est un oxygene ou -NR 7 - dans lequel R7 est un groupe alkyle avec 1 a 5 atomes de carbone, 
r est un nombre entier de 1 a 4, 
t est un nombre entier de 0 a 1 4, 
q est un nombre entier de 1 a 3 ; 

L est un hydrogene ou un fluor, a !a condition que, quand t est egal a 0, L est un fluor ; et 

W est une liaison directe ou un groupe divalent de structure -NR7-CO- ; -NR 7 S02-(CH2) r - ; -NR7SO2- ; 

-S-(CH 2 ) r - ; -NRy-lChfeJrNR/SO*- ; ou -NHCO-. 

2a Precede* selon la revendication 1, dans lequel (B-1) est un monomere fluore* choisi dans !e groupe 
constitue d'acrylate d'hexafluoroisopropyle, de methacrylate d'hexafluoroisopropyle ou un compost de 
structure (I), comme d^fini dans la revendication 22, dans lequel W est une liaison directe et L est un 
fluor. 

24. Precede selon la revendication 22, dans lequel X est un oxygene, W est une liaison directe, R1 est un 
hydrogene, r est egal a 2, t est compris entre 6 et 10 et L est un fluor ; ou dans lequel r est egal a 1 
ou 2, t est compris entre 1 et 4 et L est un fluor, ou dans lesquels R1 est un methyle, r est 6gal a 2, t 
est compris entre 4 et 10 et L est un fluor. 

25. Precede" selon la revendication 22, dans lequel r est egal a 1 ou 2, t est compris entre 1 et 4 et L est 
un fluor. 

26. Precede selon la revendication 22, dans lequel R est un methyle, r est egal a 2 et t est compris entre 4 
et 10et L est un fluor. 

27. Precede selon la revendication 1, dans lequel (B-2) est un monomere vinylique contenant du silicone 
qui est un acrylate ou un methacrylate d'oligosiloxanyl-silyl-alkyle contenant de 2 a 10 atomes de 
silicium. 

2& Precede selon la revendication 27, dans lequel le monomere est choisi dans le groupe constitue de 
(meth)acrylate de tris(trim6thylsiloxy)-silylpropyle, (meth)acrylate de triph^nyldimethyl-disiloxanylm^thy- 
le, acrylate de pentam6thyldisiloxanylm6thyle, (me*th)acrylate de tert-butyl-tetramethyldisiloxanyiethyle, 
(meth)acrylate de methyldi(trim^thylsiloxy)silylpropyle-glyc^ryle ; methacrylate de pentamethyldi-siloxa- 
nyl-methyle, methacrylate d'heptamethylcyclotetra-siloxymethyle ; methacrylate d'heptamethylcyclote- 
trasiloxy-propyle ; methacrylate de (trim6thylsilyl)decam6thyl-pentasiloxy-propyle ; et methacrylate de 
undecamethylpentasiloxypropyle. 

29. Precede selon la revendication 28, dans lequel le monomere est le methacrylate de tris(trimethylsiloxy)- 
silyl-propyle. 

30. Procede selon la revendication 1, dans lequel le composant (B) constitue 40 a 80 % en poids dudit 
copolymere. 

31. Procede selon la revendication 30, dans lequel le composant (B) constitue 50 a 70 % en poids dudit 
copolymere. 

32. Procede selon la revendication 1, dans lequel le composant (C) est choisi dans le groupe constitue 
d'acrylate de methyle, acrylate d'ethyle, acrylate de n- et isopropyle, acrylate de cyclohexyle, acrylate 
de trimethylcyclohexyle, acrylate de phenyls, acrylate de benzyle et les methacryiates correspondants ; 
acrylate et methacrylat de furfuryle ; acrylate et methacrylate de methoxy-ethyl-, d*ethoxy-ethyl- t et 
d'ethoxy-ethoxy-ethyl ; acrylat et methacrylat de 2-hydroxyethyl ; acrylat , methacrylate et 
methylacrylamide de 3-hydroxypropyle ; methacrylate de glycidyle ; N,N-dimethyiacrylamide ; N- 
isopropyl-acrylamide ; N-vinylacetamid ; N-vinyl-pyrrolidone ; methacrylate et methylacrylamide de 
dimethylamino-ethyl ; acide acrylique et methacrylique, acid vinylsulfontque, styren , acide 4- 
styrfene-sulfonique et acide 2-methacrylamido-2-methyl-propane-sulfoniqu et leurs sels, et de melan- 
ges d c ux-ci. 
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3a Proctdt selon la revendication 32, dans lequel le monom&re est I'acrylate d mtthoxy-tthyle t I 
mtthacrylate d mtthoxy^thyie, I'acrylate d'ethoxy-tthyl et I m&hacrylate d'tthoxy-tthyle ; le 
methacrylat de methyle ; I'acrylate d methyl , I methacrylat de 2-hydroxy£thyl ; la N-vinylpyrroli- 
done ; le N,N-dimethylacrylamide et le styr&ne et I'acrylate d'tthoxy-tthoxy-ethyle ou des melanges de 
s ceux-cl. 

34. Proctdt selon la revendication 1 , dans lequel le composant (C) est compris entre 5 et 60 % en poids 
: dudit copolymfcre. 

w 35.. Proctde selon la revendication 34, dans lequel le composant (C) est compris entre 10 et 50 % en 
poids dudit copolym&re. 

36. Proctdt selon la revendication 1, pour la fabrication d'une lentille de contact. 

75 37. Proctdt selon la revendication 1 , dans lequel le polySther PE est un polytther fluort de PM 600 a 
5000 de structure HO-CH 2 CF2(C2F*0)x(CF 2 0)yCF2CH2-OH, dans lequel x et y sont indtpendamment 
Tun de ('autre des nombres entiers de 6 a 50. 

38. Proctde selon la revendication 4, dans lequel la quantity de composant (C) est £gale a ztro. 

20 

39. Proctdt selon la revendication 4, dans lequel le composant (A) est compris entre 15 et 30 % en poids 
dudit copolym&re. 

40. Proctdt selon la revendication 5, dans lequel le composant (A) est compris entre 30 et 60 % en poids 
25 dudit copolym§re. 

41. Procede selon la revendication 38, pour, la fabrication d'une lentille de contact. 

42. Utilisation d'un copolym&re selon la revendication 1 pour la fabrication de lentilles de contact. 

30 

43. Lentille de contact constitute d'un copolym&re comme dtfini dans la revendication 1. 

44. Lentille de contact constitute essentiellement d'un copolymfcre comme dtfini dans la revendication 1. 

35 
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